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FOREWORD

The research described herein, which was conducted by Northern Research
and Engineering, was performed under NASA Contract NAS 3-9418. The work
was done under the technical management of Mr. Edward L. Warren, Air-
breathing Engines Division, NASA-Lewis Research Center, with Mr. Arthur J.
Glassman, Fluid System Components Division, NASA-Lewis Research Center,
as technical consultant. Dr. D. M. Dix directed the work for Northern Re-
search and Engineering. The report was originally issued as Northern Re-
search and Engineering Report 1125-2, January 1968.
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ANALYSIS OF GEOMETRY AND DESIGN POINT
PERFORMANCE OF AXIAL FLOW TURBINES

i1 - COMPUTER PROGRAM
by M. Platt and A. F. Carter

Northern Research and Engineering Corporation

SUMMARY

This volume is the second part of a two-part report on the analy-
sis of the design-point performance and associated geometry of axial flow
turbines. |t concerns the computer program which has been developed to
solve the equations governing flow in an axial turbine. A complete de~
scription of the program, an indication of its usage, and sample results
obtained from the program are included.

The computer program follows directly from the analysis and the
loss coefficient correlation which were developed in the first part of
this report (NASA CR-1181). The program can be used to analytically in-
vestigate the effects of changes in the design variables. The variables
include: number of stages, annulus geometry, work distribution, stage
work split, radial distribution of stator exit whirl velocity or flow
angle, radial variations of the meridional components of streamline slope
and curvature, and blade element loss characteristics when values other
than the internally computed total-pressure-loss coefficients are considered
necessary for the analysis. The coefficients of the total-pressure-loss co-
efficient correlations are also input items and, therefore, can be used as

analysis variables.




INTRODUCT I ON

The basic equations which govern the design-point performance of
an axial flow turbine were developed in Reference 1. These equations must
be solved by numerical methods which can be lengthy and time-consuming.
Therefore, it is of considerable importance that they be solved using a
digital computer.

Program TD is an integrated cémputer program which has been de-
veloped for the above purpose. It is written in Version 13 of the Fortran
IV language for use with the IBM 7090/7094 data processing system. The
computer program is capable of analyzing both single and multispool units
(2 maximum of three spools is allowed), and each spool may have up to
eight stages. The absolute and relative flow fields are computed at the
first stator inlet, at each interblade row plane, and at the final rotor
exit; these axial locations are referred to throughout the report as the
design stations of the turbine. The effects of the radial variation of the
following quantities are taken into account: inlet conditions, stream=~
line angle of inclination and curvature, loss coefficient or efficiency,
whirl velocity or angle, and power output. Further, the effects of cool-
ant flows, interfilament mixing, and a station-to-station variation of the
specific heat can be included. As additional features, the program allows
for: (1) the internal calculation of losses based on the correlation
which has been developed for pressure-loss coefficient, and (2) either
subsonic or supersonic solutions for the absolute velocity (except when
the whirl velocity is specified and the mass averaged value of the me-

ridional velocity component is supersonic).



Report Arrangement

The volume is, essentially, divided into two sections. The main
body of the volume consists of a functional description of the computer
program. The functional description is suitable for personnel who re-
quire knowledge of the general content of the program and the mechanics
of operating the program. The appendices to the volume, on the other
hand, contain an operational description of the computer program. The
operational description is suitable for personnel who require detailed
knowledge of the program.

The main body of the report supplements the Part | report, which
presents the analysis on which the computer program is based. The de-
scription of the program in the main body provides the following information:

1. Capabilities and limitations of the program

2. Over-all program logic

3. Description and discussion of input data

L, Normal output

5. Error messages

6. Miscellaneous operational information

7. Sample cases

The appendices present the operational description of the com-
puter program. The first appendix contains a step-~by~step presentation
of the over-all analysis procedure and a discussion of the numerical tech-
niques used. Appendix Il contains the CSMM@N Fortran nomenclature. The
third appendix describes the main program, and each of the following ap~
pendices are devoted to the individual subroutines of the program. The

following information is included for each of the subroutines:




7.

Function of the subroutine

List of calling and called subroutines

External inputs and outputs (quantities transmitted by READ
and WRITE statements)

Internal inputs and outputs (quantities transmitted to and
from the calling subroutine through C@MM@N statements and
arguments in the SUBRAUTINE statement)

Fortran nomenclature

Internal structure of the subroutine related to the analysis
procedure of Appendix |

Fortran listing

Capabilities and Limitations of the Program

The basic assumptions used in the development of the analysis

method are:

1.

The flow is inviscid and axisymmetric at each of the design
stations.

The effect on radial equilibrium of any variation of meridio-
nal velocity in the meridional direction at the design sta-~
tions is negligible.

The value of specific heat at constant pressure is radially
constant at all design stations.

The meridional components of streamline slope and curvature
vary linearly with radius between values established at the
annulus walls, when slopes and curvatures are internally
computed, or are directly specified as a function of radius

by input data.



The program will compute the standard turbine design parameters at a pre-
selected number of streamlines. These parameters will be consistent with
the requirement of radial equilibrium, the definition of blade element
performance being used for the analysis, and the input specifications of
design requirements and analysis variables when a valid solution of the
design problem exists. The general capabilities have been stated earlier.
VWhen used for the analysis of a single spool, designs for any number of
sets of analysis variables may be computed consecutively.

It is obvious that there are design specifications for which
there are no valid solutions of the design problem; the meridional ve-
locity must always be positive and less than the value corresponding to
a zero static temperature. In the event that the design specification
(including the definition of blade element losses being used in the analy-
sis) produces substantial local gradients of meridional velocity, it is
possible that numerical accuracy of the program will preclude a valid
solution. Experience with the program has shown that for some arbitrary
specifications of the radial variation of stator exit whirl velocities
or flow angles and the radial variation of stage power output the pro-
gram will produce output which is invalid. In general, such outputs will
be obtained when no valid solution is possible. These cases are readily
identifiable as mechanically unacceptable designs by inspection of the
computed flow angles which will reflect the severe gradients of meridio-
nal velocity. Where the validity of the solution is in doubt in these
border~line cases, inspection of the computed static pressures will indi=-
cate the validity of the solution; for valid solutions, the radial varia-

tion of static pressure will be consistent with the radial equilibrium




requi rement whereas invalid solutions will invariably display a disconti-
nuity in the static pressure profile. This point is discussed in greater

detail later in the report.



OVER-ALL PROGRAM LOGIC

Program TD is composed of a main routine and nineteen subrou-
tines. Fifteen subroutines can be classified as specialized subroutines;
they are INPUT, STRAC, SPECHT, P@WER, STRIP, STRVAL, VMNTL, RADEQL, DERIV,
VMSUB, REMAIN, SETUP, BUTPUT, PLC, and LCNV. The remaining four subrou-
tines are classified as general service subroutines; they are 11AP1, SL@PE,
RUNKUT, and SIMEQ. Information is transferred within the computer pro-
gram through blocks of C@MM@N and as arguments of certain subroutines,

An over=-all flow diagram for Program TD is given below. This
diagram is intended to illustrate the purpose of each section of the pro-
gram and the general relationship between the sections. (For a detailed
description of C@MM@N, the main routine, and each subroutine, see the ap-
pendices to the report.) Certain liberties have been taken with the actual
logic flow to avoid confusion in the flow diagram. For example, Subrou-
tines 11AP1 and SLPPE are each called a number of times by Subroutine
STRVAL but they are shown only once. Similarly, Subroutines REMAIN and
PUTPUT are called in tandem by the main routine a number of times; again,
they are shown only once in tandem. In conjunction with this simplifi-
cation, the alterations to the logic flow when difficulties have been
encountered in obtaining a solution are not shown. Finally, some ele-
mentary functions performed by the program are not included.

It can be seen that the over-all control of the calculation
procedure is maintained by the main routine while Subroutine RADEQL main=-
tains control over the calculational procedure for the meridional velocity

distribution. The logic flow begins at the start of the main routine,




and the calculations are performed within five major nested loops. The
loops are numbered 1 through 5 in the following flow diagram (pages 9, 10,
11, and 12). The outermost loop (1) is performed, in turn, for each tur-
bine to be analyzed. The next Toop (2) within the nest is performed, in
turn, for each spool of the turbine or, if there is only one spool, for
each set of analysis variables. The next loop (3) is performed, in turn,
for each design station of the spool. The iterative determination of
streamline positions and, if kinetic-energy-loss coefficients are speci-
fied at the design station, pressure-loss coefficients constitutes the
next loop (L4). The innermost loop (5) shown on the flow diagram is the
iterative determination of the meridional velocity at the mean streamline
which satisfies continuity. In addition, within this loop at various
stages of the calculations are loops performed for each streamline of the
design station.

The individual steps of the analysis are detailed in Appendix |
which also specifies the location of each step within the over-all flow

diagram.



[_- Maln Routine l

I Begin loop on turbines to
| be analyzed |

| Read general input data |

Y

l Begin loop on spools of
0 the turbine or sets of
anatysis varlables

If this is the first or
only spool, print general
Input data l

Subroutine INPUT

call Subroutine INPUT

s

Print spool input data

¥

, Read spool input data and

| f values of streamline |
angle of inclination and

curvature are not speci-
fied, call Subroutine

Subroutine STRAC
Obtain hub and casing val=-
ues of the streamline
angle of inclination and
curvature

¥

STRAC
3=

] Begin loop on design sta-
tions of the spool

!

Set the mass flow and

Loop |
Loop 2

Subroutine SPECHT
Obtain required values of
specific heat and related
parameters

4

, call Subroutine SPECHT

| f the design statlon is
a stage exlt, call Sub~

Loop 3

Subroutjne PBWER
Obtain streamiine values
of the drop in total tem=
perature across a rotor

¥

Subroutine SLOPE
Obtain tabular values of
the derivative of a func~
tion

|
I
routine P@WER
© —
[

F
d) l [ calt subroutine smpj——l————-#

Subroutine STRIP
Obtaln Inftial estimate of
the streamline posftions

OVER-ALL FLOW O1AGRAM FOR PROGRAM TD
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Maln Routine_(cont.})

If kinotic-energy-loss co=
offlclonts ore speclfied,
set Initlal estimote of

pressurc-loss coofficlant

Bagin loop on estimates
of streamline position

Loop b
Loop 5

and, If required, pres-
sure~loss coafflclant

[€all Subroutine STRVAL

Subroutine STRVAL

Subroutine I1APT
Obtaln an Interpolated or

extrapolated value of a
™

dent variable

Obtaln stroamline values
of ltems requlred for the
solutlon of the radial
equilibrium equation

3

If this Is the first esti~
mate of stroamline posi-
tlon, call Subroutine
VMNTL

Subroutine VHNTL
Obtain initfal estimate of
the meridional velocity at
the mean streomiine

Subroutine SL@PE
(See above

Begln 1oop on cstimates of
arldional velocity at the

mean streaml ino

[Cali Subroutine RADEQL |

Subroutine RADEQL
Control the logic flow of
the determination of the
meridional veloclity dls-
tribution, and obtalin
streamline values of the

fi function

I Il
1f required, print output
of the calculation of the
merldlonal velocity dis~-
tribution

ridional veloclty at the
mean streamline has not

timate (normally from Sub~
routine VHSUB) and return
to start of loop

1f the determlnation of me-

Subroutine RUNKUT
Obtaln the solutlon of o
1lnear differentlal equa-
tion across a streamtube

Subroutine DERIV
Obtaln values of tangen=-
tial velocity and total
pressure, If they are not
known, and the mass flow
integrand for the hub and
casing streamlines

Subroutine DERIYV
Obtain o value of av;/dr
for a specified value of
radlus and meridions) ve-
locity. Also, for stream-
\ines, obtain values of
tangentlal velocity and
total pressure, 1f they
are not known, and the
mass flow [ntegrand

(1f re-
qulred)

Subroutine [IAPI
(See_above)

converged, obtain a new es-

Subroutine VHSUB
Obtain a new estlImate of

merldlonal velocity at the
mean stream!lne

OVER-ALL FLOW DIAGRAM FOR PROGRAM TO (CONT!NUED)

Subroutine PLC
Obtaln the terms required
to incorporate the loss
correlation Into the de-
termination of dV.%/dr

Subroutine LIAP|
{(See _above)

Subroutine SIMEQ

lobtaln the solution to a

set of simu)taneous )inear
equations




Loop 4

Main Routine (cont.)

i:

Exit loop if this is the
converged estimate of
streaml ine positions and,

N—— if kinetic-energy-loss

‘coefficients are speci-
fied, pressure-loss
coefficients

A4

If required, call Sub~
routines REMAIN and
gUTPUT

Subroutine REMAIN
Calcuiate the remaining
streamline values to be
printed

Subroutine BUTPUT
Print output of the cal-
culations which satisfy
continuity

Obtain new estimate of
streaml ine position and
check for convergence

Subroutine 11API

I

(See above)

|f kinetic-energy-loss

e
f

coefficients are speci-
fied, call Subroutine

LCNV
§~}4

Subroutine LCNV
Obtain new estimates of
pressure-loss coefficient
and check for convergence

R

Return with new estimates

to start of loop

={Ca]1 Subroutine REMAIN B

b}

Subroutine REMAIN
(See above)

Y

[call Subroutine SETUP

F___________g,

Subroutine SETUP |
Calculate values required
for the next design sta-
tion and mass averaged

values
&

[call subroutine GUTPUT

}———————————c»

Subroutine GUTPUT
Print the converged re-
sults at the design

station

©

OVER-ALL FLOW DIAGRAM FOR PROGRAM TD (CONTINUED)
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Main Routine (cont.)

Lclop 3 )
— Return for next design |

Loop 2

next set of analysis
varigbles

Loo

{
Return for next spool or ‘

Return for next case i

1

L

OVER-ALL FLOW DIAGRAM FOR PROGRAM TD (CONT|NUED)




INPUT_DATA

Description of Input Data

The physical input data used by Program TD can be divided into
three categories: general design requirements, spool design requirements,
and spool analysis variables. Input data in the first category are speci-
fied for the turbine as a unit., Input data in the latter two categories
are specified for each spool of the turbine, if there is more than one
spool, or for each set of analysis variables to be considered. In addi-
tion, various other input data which are necessary to obtain a solution
must be specified.

The general design requirements of the turbine consist of:

1. Number of spools

2. Gas constant of the working fluid

3. Mass flow at the inlet of the turbine

L. Flow conditions at the inlet of the turbine (total tempera-

ture, total pressure, and flow angle as a function of radius)
The spool design requirements consist of:

1. Rotative speed

2. Power output
Finally, the spool analysis variables consist of:

1. Number of stages

2. Power output of each stage

3. Specific heat at spool inlet and each blade row exit design

station

L, Annulus geometry and axial position of each station (the

stations include one upstream of the first stator and one

13




10.

downstream of the last rotor, as well as the standard de-
sign stations), or annulus geometry and streamline geome-
try (angle of inclination and curvature as a function of
radius) at each design station

Mass flow and, if desired, total temperature of the coolant
added in each blade row if the turbine is cooled

Streamline values of the mixing coefficient for each blade
row if interfilament mixing is considered

Whirl velocity or flow angle as a function of radius at
each stator exit

Streamline values of the power output distribution at each
stage exit if a nonuniform distribution is desired
Total-pressure or kinetic-~energy-loss coefficient as a func-
tion of radius at each stator exit, or additional loss fac-
tor, if desired, as a function of radius at each stator
exit when total-pressure-loss coefficient is calculated
internally

Stage efficiency, rotor efficiency, total-pressure-loss co-
efficient, or kinetic-energy-loss coefficient as a function
of radius at each stage exit, or additional loss factor,

if desired, as a function of radius at each stage exit when

the total-pressure-loss coefficient is calculated internally

Detailed Description of Input Data

cal case

The information required to prepare the input data for a typi-

is furnished below. This information contains a description of

each input item as well as a description of the form in which these items




are written on input data sheets.

It should be noted that the units of

the input items are not consistent but, rather, are those units which

have found common usage. The units of each input item are included in

the description of the item.

The first group of input items read by Program TD consists of a

description of the case and the general input options. These items, which

appear in the following table, are read into the program using F@RMAT

statements. The case description given on the first card is read as an

alphanumeric field; any combination of numbers, capital letters, punctua-

tions, or blanks may be used. The general input options are read as inte-

ger fields; these numbers may never contain a decimal point.

Fortran
Line Location Symbo]
] 1-72 COMENT
2 6 ICPEF
12 1SPEC

Description

A statement describing the case

to be considered; this may not

be omitted but may be left.blank
.

Indicator:
ICBEF=0 if total-pressure-
loss coefficients are either
specified in the input data
or calculated internally from
the loss correlation
ICOEF=1 if kinetic-energy-loss
coefficients are specified in
the input data

Indicator:
ISPEC=0 if values of a loss pa-
rameter as a function of radius
are specified at each blade
row exit
ISPEC=1 if streamline values of
total-pressure-loss coefficient
are calculated from the inter-
nal correlation without an ad-
ditional loss factor at each
blade row exit
ISPEC=2 if streamline values of
total-pressure-loss coefficient
are calculated from the internal

15




Fortran

Line Location Symbol
18 (LSS
2L IWRL
30 IcCagL
36 IMIX

16

Description

correlation with an additional
loss factor at each blade row
exit

(this item may be left blank if

ICPEF=1)
Indicator:

IL@SS=0 if values of loss
coefficient as a function of
radius are specified at each
stage exit

1L@SS=1 if values of rotor isen-
tropic efficiency as a function
of radius are specified at each
stage exit

ILASS=2 if values of stage isen-
tropic efficiency as a function
of radius are specified at each
stage exit

(this item may be left blank if
ISPEC=1 or 2)
Indicator:

IWRL=0 if values of whirl ve~
locity, fps, as a function of
radius are specified at each
stator exit

IWRL=1 if values of flow angle,
deg, as a function of radius
are specified at each stator
exit and only subsonic solu-
tions are desired

IWRL=2 if values of flow angle,
deg, as a function of radius are
specified at each stator exit
and a supersonic solution is
desired at one or more stator
exits

Indicator:

IC#PL=0 if a coolant schedule
is not specified in the input
data

ICPFL=1 if a coolant mass flow
schedule is specified in the
input data

ICAPL=2 if a coolant mass flow
and total temperature schedule
are specified in the input data

Indicator:

IMIX=0 if a mixing schedule is
not specified in the input data



Fortran
Line Location Symbol Description

IMIX=1 if a mixing schedule is
specified in the input data
L2 ISTRAC Indicator:
ISTRAC=0 if the streamline an-
gles of inclination and curva-
tures are calculated internally
at each design station
ISTRAC=1 if values of stream-
line angle of inclination and
curvature as a function of
radius are specified at each
design station
L8 IDLETE Indicator:
IDLETE=0 if only the converged
results of the iteration loop
on streamline position are to
be printed at each design sta-
tion
IDLETE=1 if the results of each
pass through the iteration loop
on streamline position are to
be printed at each design sta-
tion
5k 1EXTRA Indicator:
IEXTRA=0 if the results of the
passes through the iteration
loop on meridional velocity at
the mean streamline are not to
be printed
IEXTRA=1 if the results of the
passes through the iteration
loop on meridional velocity at
the mean streamline are to be
printed when the results of a
pass through the iteration loop
on streamline position are to
be printed

The remaining input items are read into Program TD using NAMELIST
statements. Input data referring to a NAMELIST statement begins with a $
in the second location on a new line, immediately followed by the NAMELIST
name, immediately followed by one or more blank characters. Any combina-
tion of three types of data items may then follow. The data items must be

separated by commas. 1f more than one line is needed for the input data,

17




the last item on each line, except the last line, must be a number fol-
lowed by a comma. The first location on each line should always be left
blank since it is ignored. The end of a group of data items is signaled
by a $ anywhere except in the first location of a line. The form that
data items may take is:

1. Variable name = constant, where the variable name may be an
array element or a simple variable name. Subscripts must
be integer constants.

2. Array name = set of constants separated by commas where k¥
constant may be used to represent k consecutive values of a
constant. The number of constants must be equal to the num-
ber of elements in the array.

3. Subscripted variable = set of constants separated by commas
where, again, k¥ constant may be used to represent k consecu-
tive values of a constant. This results in the set of con-
stants being placed in consecutive array elements, starting
with the element designated by the subscripted variable.

The namelist NAM! is used to read the input items which include

the general design requirements. The items in NAMI are as follows:

Fortran Input

Symbol | tem Description

NSPBgL n" Number of spools of the turbine
being considered; 1, 2, or 3
spools are allowed

NAVY Number of sets of analysis vari-

ables; any number is alilowed if
NSP@@L=1, but only one set of
analysis variables is allowed if
NSPZ@L > 1 and NAV need not be
specified



Fortran
Sxmbo]

NLINES

GASC

FLWM

NLT

(RLT(J),
J=1,NLT)

(TALT (J),
J=1,NLT)

(PELT (J),
J=1,NLT)

(BETLT(J),
J=1,NLT)

lnEut
| tem

Fondets

(1) ontors

(PYondets

B ot

Description

Number of streamlines to be used
in the calculations (including
the hub and casing streamlines);
any odd number from 3 to 17 is
allowed but 9 is recommended

Gas constant of the working fluid,
ft 1bf per 1bm deg R

Mass flow rate at the inlet of
the turbine, Ibm per sec

Number of radii at which the in-
let conditions of the turbine are
specified; any number from 1 to
17 is allowed

Radial coordinates at which the
inlet conditions of the turbine
are specified, in; the values of
RLT must be mbnotonically in-
creasing

Values of the absolute total
temperature at the inlet of the
turbine corresponding to the
radial coordinates RLT, deg R

Values of the absolute total
pressure at the inlet of the
turbine corresponding to the ra-
dial coordinates RLT, psi

Values of the absolute flow angle
at the inlet of the turbine cor-
responding to the radial coordi-
nates RLT, deg

The namelist NAM2 is used to read the input items for a spool,

including the spool design requirements and the spool analysis variables.

Each spool of the turbine, or each set of analysis variables are specified

in separate namelist groups.

Fortran

Symbol
RPM

Input

| tem

Q

The items in NAM2 are as follows:

Description

Rotative speed of the spool, rpm
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Fortran lnEut

Sxmbol 1 tem
HP E
NSTG (-1 /7
(FHP (1), ﬁg”
1=1,NSTG)

(CP(I)’ C-Pi.
1=1,NDSTAT)

Description
Power output of the spool, hp

Number of stages on the spool;
any number from 1 to 8 is al-
lowed

Power output of each stage of the
spool, expressed as a fraction of
the total power output of the
spool

Specific heat at constant pres-
sure of the working fluid at each
design station of the spool (where
NDSTAT=2%#NSTG+1), Btu per Ibm

deg R

I1f ISTRAC=1, the following three items should be omitted.

(XSTAT (1), X;
I=1,NSTAT)
(RANN(T,1), (o
I=1,NSTAT)
(RANN(1,2), re;
1=1,NSTAT)

Axial coordinate of each station
of the spool (where NSTAT=2%
NSTG+3), in

Radial coordinate of the hub at
each station of the spool, in

Radial coordinate of the casing
at each station of the spool,
in

If ISTRAC=0, the following six items should be omitted.

(RANN(1,1), r.
I=1,NDSTAT)

(RANN(1,2), r:
I=1,NDSTAT)

NSTRAC

((RSTRAC(J, 1), r
J=1,NSTRAC),
I=1,NDSTAT)

Radial coordinate of the hub at
each design station of the spool,
in

Radial coordinate of the casing
at each design station of the
spool, in

Number of radii at which stream-
line angles of inclination and
curvatures are specified at each
design station of the spool; any
number from 1 to 17 ts allowed

Radial coordinates at which stream-
lTine angles of inclination and
curvatures are specified at each
design station of the spool, in;



Fortran InEut
Symbol | tem

((ASTR(J, 1), A
J=1,NSTRAC) ,
1=1,NDSTAT)

((csTR(J,1), (/T
J=1,NSTRAC), -
=1, NDSTAT)

(FLWCN(1), w3
I=1,NBR)

(Tec (1), (Toe )sr
=1, NBR)

((XMIX(J,1), Komir);
J=1,NLINES),
I1=1,NBR)

NXT

(1sgnic (1),
1=1,NSTG)

Description

the values of RSTRAC at each de-~
sign station must be monotonically
increasing

Values of the streamline angle of
inclination at each design sta-
tion of the spool corresponding
to the radial coordinates RSTRAC,
deg

Values of the streamline curva-
ture at each design station of the
spool corresponding to the radial
coordinates RSTRAC, per in

Mass flow of the coolant added

in each blade row of the spool
(where NBR=2%*NSTG), expressed as
a fraction of the inlet mass flow
of the turbine; this item should
be omitted if {CHPL=0

Absolute total temperature of
the coolant added in each blade
row of the spool, deg R; this
item should be omitted if
ICAPL=0 or 1

Streamline values of the mixing
coefficient for each blade row

of the spool; this item should

be omitted if IMIX=0

Number of radii at which the exit
conditions of each blade row of
the spool are specified; any num-
ber from 1 to 17 is allowed

Indicator:
1SENIC(1)=0 if a subsonic so-
lution is desired at a stator
exit of the spool
ISENIC(1)=1 if a supersonic so-
lution is desired at a stator
exit of the spool

(this item should be omitted if

IWRL=0 or 1)
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Fortran

Symbol

((RNXT(J,1),
J=1,NXT),
I=1,NSTG)

((WRL(J,1),
J=1,NXT),
I=1,NSTG)

(1pgr (1),
I=1,NSTG)

((PgF(J,1),
J=1,NLINES),
I=1,NSTG)

If ISPEC=1, the following three

((ygss(J,2x1-1),

J=1,NXT),
I=1,NSTG)

((RSXT(J,1),
J=1,NXT),
I=1,NSTG)

((Ygss(J,2*x1),

J=1,NXT),
1=1,NSTG)

Input

| tem

Description

Radial coordinates at which the
exit conditions of each stator
of the spool are specified, in;
the values of RNXT at each sta-~
tor exit must be monotonically
increasing

Values of the quantity indi-
cated by IWRL at each stator
exit of the spool corresponding
to the radial coordinates RNXT

Indicator:
IPBF(1)=0 if a uniform power
output distribution is desired
at a stage exit of the spool
IPGF(1)=1 if a nonuniform power
output distribution is desired
at a stage exit of the spool

Streamline values of the nondi-
mensional power output function

at each stage exit of the spool
(the value of P@F(1,1) should be

0 and P@F(NLINES,I) should be 1);
this item may be omitted for those
stages where IP@F(1)=0

items should be omitted.

Values of the loss coefficient
(if ISPEC=0) or an additional
loss factor (if ISPEC=2) at each
stator exit of the spool corres=~
ponding to the radial coordinates
RNXT

Radial coordinates at which the
exit conditions of each stage of
the spool are specified; the
vatues of RSXT at each stage exit
must be monotonically increasing

Values of the quantity indicated
by IL@SS (if ISPEC=0) or an addi-
tional loss factor (if ISPEC=2)
at each stage exit of the spool
corresponding to the radial co-
ordinates RSXT



Fortran I nput
Symbol 1tem Description

If ISPEC=0, the following item should be omitted.

(ycgn (1), o Value of the nine constants which
1=1,9) define the internal loss corre-
lation

This completes the input déta for a single spool, one spool of
a multispool design, or one set of analysis variables. For each new case
the complete input specification from '"line 1'', the comment card, will be
required. For additional spools or sets of analysis variables, the input
specification returns to the beginning of the NAM2 namelist. When more
than one set of analysis variables is used, any quantity which is not

explicitly reset will remain unchanged from the value previously speci-

fied.

Discussion of Input Data

The following point-by-point discussion of the input data con-
tains suggestions for the most efficient use of Program TD. The items are
discussed in the same order as they appear in the Detailed Description of
Input Data. In several instances, reference is made to a preliminary de-
sign calculation. These calculations should be performed before the prep-
aration of any input data for a new design. Four typical input data sheets

are shown later in the report in the section devoted to sample cases.

Case Description and General Input Options

1. ICPEF - The specification of kinetic~energy-loss coeffi=-
cients requires the computer program to determine the compa-
rable total-pressure-loss coefficients iteratively. Hence,

ICPEF=1 should only be used for those cases in which it
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would be much more difficult to specify the total-pressure-
loss coefficients.

ISPEC - A valid comparison of alternative designs requires
consistency between the computed flow parameters and the an-
ticipated level of loss. Hence, the use of the option to
internally compute total-pressure-loss coefficients from

the flow parameters and a loss correlation defined by the
coefficients of the loss correlation is recommended. How-
ever, it should be noted that the use of the internal loss
correlation can increase the difficulty of obtaining a solu-
tion in some cases. These cases occur when either stator
exit whirl distributions are specified that require a large
gradient of meridional velocity to maintain radial equilib-
rium, or when an element of rotor blading is close to its
limiting Toading. (This point is further discussed later

in the report.) The additional loss factor should be used
to increase the over-all loss level when excessive losses
due to tip clearance, trailing edge thickness, low aspect
ratio, and so forth, are expected. Specified loss parame-
ters, on the other hand, can be used for the preliminary

assessment of a design, the assessment of loss level varia-

tions, and the assessment of test data from an existing design.

IL#SS - In most cases, IL@SS should be equal to 0. IL@SS=]
or 2 can be used for the assessment of test data from an
existing design.

IWRL - The specification of flow angle is usually preferred

since it provides greater control of the stator geometry.



10.

The preliminary design calculation should determine whether
supersonic solutions will be required at one or more stator
exi ts.

ICAPL - The preliminary design calculation should also be
used to determine if the use of a coolant is required. The
gross effects of the coolant mass flow and the temperature
of the coolant are included in the analysis to increase the
validity of the solution.

IMIX - The specification of a mixing schedule will reduce
the adverse effects experienced when the total-pressure pro-
file degenerates after a number of blade rows. Experimental
data are required in this area.

ISTRAC - Streamline angles of inclination and curvature
should be calculated internally to reduce the input data
requirements unless better information is available or sim-
ple radial equilibrium is to be considered.

IDLETE - In the initial phases of a design, IDLETE=1 should
be used to obtain as much information as possible. As a
design is refined, IDLETE=0 will usually provide sufficient
information.*
JEXTRA = In almost all cases, IEXTRA should have the same

value as lDLETE.“

General Input Data

NSP@@BL -~ The initial phases of a design should probably

* additional

output is described in the following chapter.
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11.

12.

14.

15.

consider the turbine as a unit. However, as noted previ-
ously, NSP@@L=1 is required if a number of sets of analysis
variables is to be investigated.

NLINES - Since the accuracy of the calculations should im-
prove as the number of streamlines is increased, a large
number of streamlines should be used if substantial radial
gradients are specified in the input data and a small number
of streamlines should be used if minimal radial gradients
are specified.

NLT - Set NLT=1 if the turbine inlet conditions do not vary
with radius. |If the inlet conditions are the output of a
previous run, NLT should be set equal to number of stream-
lines used in that output. Otherwise, NLT should increase
as the magnitude of the radial gradients increases.

RLT - If NLT=1, any value for RLT will suffice. |[f the inlet
conditions are the output of a previous run, RLT should be
specified to be the streamline radial coordinates (proceed~
ing from the hub to the casing) of that output. Otherwise,
the first value of RLT should be the hub radius, the last
value should be the Easing radius, and approximately evenly
spaced values should be specified for the interior points.
TPLT, PPLT, BETLT - Design requirements corresponding to the
radial positions RLT. It should be noted that only the sub-

sonic solution for the values of BETLT can be obtained.

Spool Input Data

NSTG, FHP - The number of stages of a spool should be



16.

17.

18.

19.

20.

21.

selected on the basis of mean stage loading factor. A first
approximation to the power split among the stages should be
based on rotor root loading factors.
CP - The design station values of specific heat should be
based upon the static temperatures obtained from the pre-
liminary design calculation. These values can be refined
if necessary on subsequent runs.
XSTAT - The axial spacing between design stations should be
selected to be representative of the anticipated final
design standard in terms of annulus angles of inclination
and curvatures.
RANN - Hub and casing radii should be selected to insure
that:

a. The Mach number at the inlet and exit of the spool

are reasonable.
b. The hub=-tip ratios are mechanically acceptable.
c. In conjunction with the values of XSTAT, that the
geometry of the annulus walls is satisfactory.

NSTRAC - The same general comments concerning NLT apply to
the number of radial positions at which streamline angles
of inclination and curvatures are specified at each design
station.
RSTRAC ~ Again, the same general comments concerning RLT ap-
ply to RSTRAC.
ASTR, CSTR ~ The values of ASTR and CSTR should be set equal

to zero if simple radial equilibrium is to be considered.
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22.

23.

y2i

25.

26.

27.

28.

28

FLWCN, T@C - The amount of coolant added in each blade row
and the coolant temperature should be specified with suffi-
cient accuracy to insure a valid analysis. The coolant tem-
perature should be that at the source of the coolant.

XMIX ~ The values of XMIX for a blade row should be set

equal to zero if no mixing is to be considered or equal to

1 if complete mixing of the absolute total pressure and tem-
perature is desired. Complete mixing in the stator rows of

a multistage spool can be used to prevent degeneracy of the
meridional velocity distribution.

NXT - The same general comments concerning NLT apply to the
number of radial positions at which blade exit conditions

are specified.

ISENIC - As stated previously, the preliminary design cal-
culation should determine which stator exits require a super-
sonic solution.

RNXT - The same general comments concerning RLT apply to RNXT.
WRL - Since there are distributions of whirl velocity and
angle for which no solution will exist, for initial analysis
it is recommended that free-vortex whirl velocity distribu-
tions or constant stator angles be specified. These distri-
butions are most likely to provide solutions of the flow field
and hence provide a basis for further modifications.

IPGF - Again, it can be rather difficult in certain cases

to specify a power output distribution for which a solution
exists. |t is recommended that IPPF(1)=0 should be speci-

fied initially to obtain a uniform distribution.



29.

(m 1

Pos

P@F - The nondimensional power output function is specified
with respect to a nondimensional mass flow function. The
mass flow function increases in value from zero at the hub to
1 at the casing in equal increments across each streamtube.
Similarly, the power output function increases from zero at
the hub to 1 at the casing. When IPGF(1)=0, the increase
occurs in equal increments across each streamtube. On the
other hand, when IP@F(1)=1 the increase across each stream-
tube can be varied. The following diagrams illustrate three
possible variations of the power output function. (The
IPAF(1)=0 case is shown as a dotted line in each diagram

for reference.)
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sible Variations of the Nondimensional Power Output Function
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30.

31.

32.

In the first variation, the work output increases monotoni-
cally from the hub to the casing. Just the opposite is
true in the second variation, where the work output de-
creases monotonically from the hub to the casing. In the
final variation, the work output increases from the hub to
the mean streamline and then decreases from the mean stream-
line to the casing. (In each case, the amount of variation
illustrated has been exaggerated from suggested practice.)
Y@SS - For the preliminary assessment of a design or the
assessment of loss level variations, a constant value for a
biade exit is recommended. Otherwise, test data should be
used to obtain the loss parameter variation.

RSXT - The same general comments concerning RLT apply to
RSXT.

YCON - The correlation developed in Reference 1 relates the
total~pressure~loss coefficient for any element of blading
to its inlet and exit relative flow angles and its reaction
defined as the ratio of inlet-to-exit velocity (V. /V.) .
The nine coefficients a, to a9(which are input quantities
when ISPEC=1 or 2) are used in the following correlation:

vo % /,twn,g‘__l—Ia/n,a,,/[a-,*'a—z{(v;-./v-)‘%}] oV, /Vezay
Qaf-asxukdﬁﬁ

QB
v. ﬁ/fam,é‘_,’fﬂ/nﬁc/{aé" a,(V.,/V.) } ,{ v.,/V.<a,
Q,+0;Cod B,

Y=< Qg



where £, is the additional loss factor.

In the absence of total=-pressure-loss coefficient data which
could be considered more relevant to a particular design
analysis, it is recommended that the following values of

the nine coefficients should be used:

a, = 0.055
a, = 0.15
a, = 0.6
a, = 0.6
a, = 0.8
a, = 0.03
a, = 0.157255
a = 3.6
a, = 1.0
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DESCRIPTION OF NORMAL OUTPUT

The output of Program TD consists entirely of printed data.

Reference to the section containing the computer output from the sample

cases will show that all the quantities listed are fully described. The

information included in the normal output can be divided into the follow-

ing categories:

32

General input data

Spool input data

Values of selected flow and performance parameters obtained
from each pass through the iteration loop to satisfy conti-
nuity at a design station (if IEXTRA=1)

Tabulated streamline values of flow and performance parame-
ters which satisfy continuity obtained from each pass through
the iteration loop on streamline position at a design sta-
tion (if IDLETE=1)

Tabulated streamline values of the flow parameters obtained
from the converged pass at a design station

Tabulated streamline values of the mixed and/or cooled flow
parameters for a blade row (if IMIX=1 or IC@PL=2)

Tabulated streamline values of the performance parameters of
the stator and rotor blade rows

Mass averaged performance parameters for a stage

Tabulated mass averaged performance parameters for each
stage of a spool (if NSTG > 1)

Mass averaged performance parameters for a spool

Mass averaged performance parameters for the turbine (if

NSPEAL > 1)



A description of the items in each category is given below. The sample
cases which are referred to are presented later in the report.

The normal output of a typical case begins with the statement
describing the case, immediately followed by the items in cateqory 1 -
general input data. (If there is more than one set of analysis variables,
the output for each set of analysis variables is treated as if it were a
new case.) The general input data consists of:

1. Number of spools

2. Number of sets of analysis variables (if NSP@gL=1)

3. Number of streamlines

L., Gas constant, 1bf ft per 1bm deg R

5. Mass flow at the turbine inlet, 1bm per sec

6. Tabulated values of absolute total temperature, deg R, abso-

lute total pressure, psi, and absolute flow angle, deq, ver-
sus radial position, in, at the turbine inlet
Each item above is shown on the first page of output of Sample Cases 1, 3,
and 4. (Each item above is also shown at the start of the output for the
second set of analysis variables in Sample Case 1.) Each item above except
item 2 is shown on the first page of output of Sample Case 2.

The normal output of a typical case continues with the items in
category 2 - spool input data. The spool input data consists of:

1. Rotative speed, rpm

2. Power output, hp

3. Number of stages

L, Tabulated power output split among the stages of the spool,

expressed as fractions of the power output of the spool
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10.

1.

Tabulated design station values of the specific heat at con-
stant pressure, Btu per 1bm deg R

Tabulated station values of axial position, in, hub radius,
in, and casing radius, in (if ISTRAC=0)

Tabulated design station values of hub radius, in, and casing
radius, in (if ISTRAC=1)

Tabulated values of streamline angle of inclination, deg, and
curvature, per in, versus radial position, in, at each de-
sign station of the spool (if ISTRAC=1)

Tabulated blade row values of coolant mass flow, expressed

as fractions of the mass flow at the turbine inlet (if 1C@gL=
1 or 2) and coolant total temperature, deg R (if 1C@PL=2)
Tabulated streamline values of the mixing coefficient for
each blade row of the spool (if IMIX=1)

Tabulated values of the exit conditions for each blade row

of the spool. For stators, one exit condition is values of
either whirl velocity, fps (if IWRL=0) or flow angle, deg

(if IWRL=1 or 2) versus radial position, in. For rotors, one
exit condition is streamline values of the nondimensional
power output function, expressed as fractions of the stage
power output. |f ISPEC=1, there are no other exit condi-
tions. If ISPEC=2, the other exit condition for both sta-
tors and rotors is values of additional loss factor versus
radial position, in., |If ISPEC=0, the other exit condition
for stators is values of either pressure-loss coefficient

(if ICPEF=0) or kinetic-energy-loss coefficient (if ICHEF=1).

If ISPEC=0, the other exit condition for rotors is values of




either pressure-loss coefficient (if 1L#SS=0 and ICPEF=0),
kinetic-energy-loss coefficient (if IL#SS=0 and IC@EF=1),
rotor isentropic efficiency (if 1L@#SS=1), or stage isen-
tropic efficiency (if 1L@SS=2) versus radial position.

12. If the total-pressure-loss coefficients are internally com-
puted (ISPEC=1 or 2) the loss correlation is defined with
the input values of the nine correlation coefficients ap-
propriately inserted.

Each of the first ten items and item 12 are shown in the output of at least
one sample case. Most of the variations of item 11 are also shown in the
output of at least one sample case.

The results of the spool calculations appear next in the normal
output for a typical case, beginning with the first design station of the
spool. (If the spool is not the first spool of the turbine, the results
shown for the first design station are taken from the converged results
at the exit of the previous spool.) |If IDLETE=1, results are shown for
each pass through the iteration loop on streamline position whereas if
IDLETE=0, results are shown for only the converged vaiues of streamline
position. In either case, if IEXTRA=1, the results begin with the items
in category 3 - selected flow and performance parameters - for each pass
through the iteration loop to satisfy continuity. The selected flow and
performance parameters consist of:

1. Meridional velocity at the mean streamline, fps

2. Calculated value of the mass flow, 1bm per sec

3. Tabu]atedlstreamline values of meridional velocity, fps,
tangential velocity, fps, absolute total pressure, psi,

and, if the design station is a blade row exit and ISPEC=I
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or 2, pressure-loss coefficient

Each item above is shown in the output of Sample Case 3.

The items in category &4t - flow and performance parameters which

satisfy continuity - complete the output for each pass through the itera-

tion loop on streamline position. These flow and performance parameters

consist of:

1.

Tabulated streamline values of radial position, in, mass
flow function, 1bm per sec, meridional velocity, fps, axial
velocity, fps, tangential velocity, fps, absolute velocity,
fps, absolute Mach number, absolute total pressure, psi, ab=-
solute total temperature, deg R, absolute flow angle, deg,
static pressure, psi, and static temperature, deg R, for

the design station

Tabulated streamline values of streamline angle of inclina-
tion, deg, and curvature, per in, if the design station is
the turbine inlet

Tabulated streamline values of pressure-loss coefficient,
blade row efficiency, blade velocity, fps, relative velocity,
fps, relative Mach number, relative total pressure, psi,
relative total temperature, deg R, and relative flow angle,

deg, if the design station is a blade row exit

Again, each item above is shown in the output of Sample Case 3.

The items in category 5 - flow parameters - complete the output

of the converged pass at a design station. These flow parameters consist

of the same items as in category 4 with the exception that streamline angle

of inclination, deg, and curvature, per in, replace pressure-loss coeffi-

cient and blade row efficiency in item 3. Each item above is shown in the



output of all the sample cases.

If either IMIX=1 or IC@PL=2, the items in category 6 - mixed and/
or cooled flow parameters -~ follow the output of each design station except
the spool exit. The mixed and/or cooled flow parameters consist of:

1. Tabulated streamline values of mixed and/or cooled absolute

total pressure, psi, and absolute total temperature, deg R,
in the blade row

2, Tabulated streamline values of mixed and/or cooled relative

total pressure, psi, and relative total temperature, deg R,
if the blade row is a stator
Each item above is shown in the output of Sample Case 2.

If the design station is a stage exit, the design station output
of a typical case continues with the items in category 7 - stage perfor-
mance parameters. The stage performance parameters consist of tabulated
streamline values of: stator reaction, rotor reaction, stator pressure-
loss coefficient, rotor pressure-loss coefficient, stator blade row effi-
ciency, rotor blade row efficiency, rotor isentropic efficiency, and stage
isentropic efficiency. Again, each item above is shown in the output of
all the sample cases.

The stage performance output continues with the items in cate-
gory 8 - mass averaged stage performance parameters. The mass averaged
performance parameters consist of:

1. Stator blade row efficiency

2. Rotor blade row efficiency

3. Stage work output, Btu per ibm

L, Stage total efficiency
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5. Stage static efficiency

6. Stage blade-to-jet speed ratio
Once again, each item above is shown in the output of all the sample cases.

If the design station is the spool exit, the normal output of a
typical case continues with spool performance summary. If the spool has
more than one stage, the spool performance summary begins with the items
in category 9 - tabulated stage values of the mass averaged performance
parameters. These tabulated values consist of the same items as in cate-
gory 8 and are shown in the output of Sample Case 2.

The spool performance summary continues with the items in cate-
gory 10 - mass averaged spool performance parameters. These mass averaged
performance parameters consist of:

1. Spool work output, Btu per 1bm

2. Spool power output, hp

3. Spool total-to-total pressure ratio

L, Spool total-to-static pressure ratio

5. Spool total efficiency

6. Spool static efficiency

7. Spool blade-to~jet speed ratio
Again, each item above is shown in the output of all sample cases.

If the design station is the turbine exit and there is more than
one spool, the normal output of a typical case concludes with the items in
category 11 - mass averaged turbine performance parameters. These mass
averaged performance parameters consist of:

1. Over-all work output, Btu per lbm

2. Over-all total-to~total pressure ratio

3. Over-all total-to-static pressure ratio




L, OQver-all total efficiency
5. Over=-all static efficiency
6. Over-all blade-to-jet speed ratio

Each item above is shown in the output of Sample Case 2.
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ERROR MESSAGES

Description of Messages

In addition to the normal output, various messages may appear
in the output. These messages occur when difficulty has been encountered
in the calculation. Each of the eight messages are considered in turn.
All except the last are outputs from the main program.

1. A MEAN LINE MERIDI@GNAL VEL@CITY @§F ___ FPS HAS FAILED T¢

PRADUCE A VALID SPLUTION WHEN ILL@@#P=_

This message indicates that radial equilibrium could not be
satisfied at some radial position within the annulus. There are three
possible reasons for this message:

a. The determinant of the three simultaneous equations which
are solved for slope of the square of the meridional ve-
locity has passed through zero or has become identically
zero.

b. A computed value of meridional velocity is less than 1.0
ft per sec.

c. The maximum possible value of velocity (which is 1.0 ft per
sec less than that corresponding to a zero static temperature)
is less than 1.0 ft per sec at some point in the calculation.

The first of these will occur at <tep 42 of the analysis procedure* and
the second and third at step 33. Since the problem which produces the
message can occur in an intermediate loop of the convergence to satisfy .
flow continuity, the message only appears in the output when the addi-

tional output has been specified (IEXTRA=2). The program automatically

ots
"

" Steps of the analysis procedure are listed in Appendix 1.



adjusts the convergence procedure when any value of meridional velocity
has caused a failure to satisfy the conditions imposed by a and b above.
A higher value of mean streamline meridional velocity is chosen for the
following continuity loop and no value of the meridional velocity lower
than any one which produces an unrealistic meridional velocity distribu-
tion is used in later loops.

The condition imposed in ¢ is extremely improbable and would
only occur when there are errors in the input data.

2. CALCULATI@N ABAND@NED BECAUSE @F DIFFICULTY BN PR AFTER

THE THIRTIETH PASS.

If the'program experiences difficulties in obtaining a satisfac-
tory meridional velocity distribution (as assessed by a, b, and c above),
it is extremely unlikely that a converged solution will be obtained and
the calculation is aborted in step 49 of the over-all procedure. The
message will be proceeded by the design station output for a value of
mass flow which is the closest approximation to the design specification.
This output will indicate which radial portion of the design is respon-
sible for the basic problem. It will be necessary to review the specifi-
cations of the analysis variables and/oi1 the design specification before
attempting any further design investigations.

3. CALCULATI@N ABAND@NED BECAUSE @F DIFFICULTY BN @R AFTER 30

PASSES WITHPUT EVER @BTAINING A SUCCESSFUL PASS.

It is possible that none of thirty estimates of the mean line
meridional velocity will produce a valid solution of the flow field. Step
49 will again abort the calculation but no design station output will be
available, |If message 3 rather than message 2 occurs, it is unlikely

that a successful design will be obtained unless the design and analysis
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requi rements are substantially altered; the message will occur after the
program has investigated a wide range of mean 1ine meridional velocities,
and hence mass flows, and none have satisfied the radial equilibrium re-
qui rement.
L. CALCULATI@N ABANDPNED @N PASS___ BECAUSE @F TW@ REPE-
TITIGNS #F A MEAN LINE MERIDI@NAL VELBCITY WITHBUT MASS
FLAW CONVERGENCE.
This message is initiated by step 28 of the analysis procedure.
It will appear when the convergence on mass flow is not proceeding to
the design specification and three successive mean line meridional ve=-
locity estimates are almost identical. |If the successive meridional ve-
locities differ by less than 0.0001 per cent, the calculation is aborted
after the best available result is computed for the design station. This
situation will arise when the program cannot satisfy the mass flow con-
tinuity requirement due to a failure to satisfy radial equilibrium at a
lower value of mass flow. The error message and program stop avoids un-
necessary continuity iteration loops. The basic problem indicated is the
same as that indicated by messages 1 and 2. Hence, the remedial action
must be a revision of the input specifications.
5. CALCULATI@N ABANDBNED @N PASS___ BECAUSE @F INSTABILITY
IN MEAN LINE MERIDI@NAL VEL@CITY ITERATI@N DUE T@ CHOKED
CENDITIONS.
This message is associated with step 54 of the procedure. As
the program attempts to find a mean line meridional velocity which will
satisfy the specified mass flow, the behavior of the computed mass flow

with the variation of mean line velocity is assessed by Subroutine VMSUB.



If the slope of the flow versus velocity characteristic changes sign more
than four times the calculations are aborted. The normal indication of
these sign changes is that the required mass flow exceeds the critical
value; that is that the design mass flow exceeds the choked value. The
program will print out the conditions for the highest flow which will
pass through the design station. Thus, an estimate of the changes nec-
essary can be made from the output; the change could be either an in-
crease in the annulus areas, a reduction in the mean stator flow angle
vhich will also change the stage reaction, or an appropriate combination
of both. In addition for multistage designs, a redistribution of stage
power outputs may be useful as a means of avoiding choking at one of the
design stations.

Because of possible inaccuracies in the calculation of meridio-
nal velocity distributions very close to a point where radial equilibrium
cannot be satisfied, it is possible that the program will sense a minimum
or maximum in the flow versus mean 1ine meridional velocity distribution
which is not that corresponding to a choked flow condition. However,
the message together with the output can be used to differentiate between
true choking and numerical accuracy problems. In the latter case, a
check on the meridional velocity distribution and/or static pressures
can be made to establish the presence of numerical inaccuracies.

6. ITERATI@N FPR THE MERIDI@NAL VEL@CITY AT THE MEAN STREAM-

LINE HAS N@T CONVERGED WHEN IL@gP=__ .

A limit of thirty-five iterations is placed on the continuity

Toop by step 58 in the analysis procedure. If the mass flow has not con-

verged to the required value within the preset tolerance, the results from
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the thirty-fifth loop are printed and the case is aborted. The conver-
gence procedure is such that if any design station has not converged within
thirty-five loops, the probability of the design being aerodynamically ac-
ceptable is remote. The results of the last pass will provide an indica-
tion of the changes to be made in subsequent analyses.

7. ITERATI@N F@R STREAMLINE P@SITI@NS @R PRESSURE L@SS CPEFF!-

CIENTS, WHEN THEY ARE N@T KN@WN, HAS NPT C@NVERGED.

The number of loops on streamline position (and total-pressure-
loss coefficient when kinetic~energy-loss coefficients are specified) is
controlled by step 79. The number of loops is limited to twenty-five and
if the streamline positions have not converged to within the preset tol-
erance at this pass, the results are printed. The program is, however,
allowed to proceed to the next design station if one exists. For designs
in which the meridional velocity distributions are not extreme, it is
extremely unlikely that the streamline positions will fail to converge.
However, the error message is provided to guard against the possibility
that streamline positions are oscillating about the converged value but
just outside the tolerance. A check on the distribution of mass flow
between the stream filaments is recommended in cases where error message
7 appears; in all probability, the distribution of mass flow will be ac=-
ceptable.

8. A UNIQUE SPLUTI@N T@ THE RADIAL EQUILIBRIUM EQUATI@N CPULD

NGT BE @BTAINED AT R=______ WHEN IL@@P=___ AND ILLOOP=__

This diagnostic is written by Subroutine DERIV when Subroutine

SIMEQ is unable to obtain a valid solution of the equations which are

solved to obtain the gradient cinéﬂi Step Ll of the analysis procedure



controls this error message. The probability of this message ever ap-
pearing in an output is extremely remote since a check on the determi-
nant of the three equations solved by Subroutine SIMEQ is made before
this subroutine is entered. The more probable error message would be

message 2.

Discussion of Remedies

With the exception of error messages 3 and 8, some output data
will be provided with the message. This output can be used as a basis for
the modification of the input specification. In general, errors in input
data will be immediately obvious if a preliminary design calculation has
been performed as recommended before the input was prepared. The cor-
rection of any input errors and the adjustments of the input data for the
choked flow condition when correctly indicated by message 5 present no
great problem. However, when the design analysis has been aborted by a
failure to satisfy radial equilibrium at the design value of flow, some
experience in turbine design or the use of the program as a design tool
is necessary in order to make suitable changes in the input specifications.

If the failure occurs at a stator exit design station and whirl
velocities have been specified, it is recommended that subsequent design
analyses should use the option to specify stator exit flow angles. It
has been found from experience that the range of distributions of whirl
velocity with radius for which radial equilibrium can be satisfied is
quite limited when the design specifications require absolute flow an-
gles in excess of 70 degrees. If the failure occurs at a rotor exit

plane, the most probable cause of the failure is that the specifications
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imply that one or more sections of the blade were required to work beyond
its limiting loading. That is, as the level of local meridional velocity
is changed to satisfy the local work output requirement, the resultant
change in local static pressure is such that the pressure is limited to

a value which is less than that required to maintain radial equilibrium.
To obtain a solution in subsequent design attempts, it will be necessary
to reduce the required temperature drop of those streamlines which show
a large drop in meridional velocity from an adjacent streamline value.
Hence, the radial variation of the power output function should be ad-
justed to reduce the total temperature drop of those stream filaments
which are near to or beyond a limiting loading value. |If the redistri-
bution of power output function merely transfers the limiting loading
condition from one section to another, more drastic changes will be nec-
essary. Assuming the total power output of the stage cannot be off
loaded to some other stage, it will be necessary to revise the annulus
specifications so that an improvement in the efficiency level of the
stage will result.

In cases where there are limiting loading problems but no data
on which to base any revision (for example when message 3 appears), it
is recommended that an assessment of the problem be obtained by per-
forming one analysis using the option to specify blade row loss coeffi-

cients or stage efficiency variations.



MISCELLANEOUS OPERATIONAL INFORMAT ION

Program TD occupies approximately 15,000 storage locations on
an I1BM 7094 computer. Thus, with an average monitor system storage of ap-
proximately 9000 locations, the total required machine capacity is well
within the capacity of a machine having 32,000 storage locations.

Typical running time for the program using a standard IBM 7094 com-
puter is 0.015 hours per single stage. A single stage with full output will
require approximately 0.02 hours, but a multistage analysis with standard
output will require approximately 0.01 hours per stage. Using an 1BM 704/
9L directly coupled system, the running time for a multistage analysis with
standard output is reduced to approximately 0.003 hours per stage.

For designs in which the input specifications will produce meridio-
nal velocity distributions which are devoid of large changes in the radial
gradient of the distribution, the accuracy of the solution is more than ade-
quate for turbine design or analysis. The Runge-Kutta method of forward
stepping ensures sufficient accuracy with as few as five streamlines for a
relatively conventional design at a moderate value of hub-to-tip radius
ratio. However, a nine streamline analysis is generally recommended. If
the accuracy of the solution is in question at any time, it is recommended
that a larger number of streamlines be specified to check over-all accuracy.

The accuracy of the solutions which have rapid local changes of
meridional velocity can be poor as a result of the forward-stepping proce-
dure which is an integral part of the method. This, however, is not a -
serious drawback, since the probability of accepting the resultant design
as mechanically feasible is remote. Where the output indicates a signifi-

cant change in meridional velocity between adjacent streamlines (say of the
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order 100 ft per sec in a stage where the mean velocity level is 400 ft

per sec), the static pressure distribution should be inspected to see
whether or not it indicates a discontinuity. As a general rule, an in-
accurate solution will only be obtained when a more accurate solution would
have indicated that radial equilibrium could not have been satisfied.

The convergence procedures for satisfying the design mass flow
and the location of the streamlines to define a stream filament of equal
flow have been found to be adequate with the maximum number of loops speci-
fied within the program. The convergence on the design mass flow, or the
lowest mass flow for which radial equilibrium can be satisfied simultan-
eously with the definition of loss being used, can be investigated for
any particular case by specifying the additional output. In the case of
a design in which the specifications correspond very closely to a choked
flow condition, the number of iteration loops tends towards the maximum
permi tted. The number of designs in this category which have been in-
vestigated is rather limited to date. It may be necessary, at some future
date, to either increase the number of iterations in the continuity loop
or to relax the preset tolerance on mass flow if experience shows that
this is necessary (cards 0053 and 0054 of TD).

The specifications of input for the program should be prepared
after preliminary hand calculations have been completed. The calculation
need not be complex or time consuming. The solution of stator exit condi-
tions, where the absolute flow angles are relatively large, is extremely
sensitive to the specified whirl velocity distribution. Relatively small
changes in whirl specification can produce large changes in meridional

velocity distribution and the range of whirl distribution for which a



radial equilibrium solution can be obtained is not great for low hub-to-
tip diameter ratio stages. Hence, the specification of flow angles is

to be preferred to the specification of whirl velocities. The basic
problem encountered at stage exit design planes is that of the occur-
rence of a limiting loading. When realistic correlations of loss are
used, it is to be expected that element efficiencies will decrease to-
wards the hub section. Hence, for many designs it will be necessary to
reduce the power output requirements of the stream filaments near the hub.
To obtain a first estimate of the amount of variation of power output with
radius that may be necessary, the program can be used with loss coeffi-
cient or stage efficiency specified together with a uniform distribution
of power output. From the output of such an analysis a check can be

made on the compatibility of the total-pressure-loss coefficients com-
puted by the program and values which might be expected from the blading
geometry. If the program computed loss at any section is significantly
less than would be expected in practice, it is quite probable that a Tim-
iting loading condition would exist and preclude a solution which satis-
fies radial equilibrium if the internal computation of loss coefficients
were used. Any redistribution of the power output between the stream
filaments, however, should be carefully selected to avoid a transfer of
the limiting loading situation from one part of the annulus to another.

A review of the data presented in the following section provides a useful

guide to the selection of analysis variables.
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SAMPLE CASES

The sample cases which are presented in the following pages have
been selected to illustrate most of the major options available to the
program user. For each of the four cases the input data sheets and com-
puter output are presented. The designs illustrated do not necessarily

represent final designs. Each is briefly discussed below.

Sample Case |

This first case is based on a single stage selected by NASA for

the part of the over-all program concerned with the application of the
computer program. It illustrates the use of the program for the investi-
gation of two sets of analysis variables. In both cases stator exit flow
angles and internally computed total-pressure-loss coefficients are speci-
fied. The output is the standard output and illustrates the changes in
the design parameters produced by changes in the radial variations of

stator exit angle and power output.

Sample Case ||

This case provides an example of the analysis of a two-spool
turbine. The turbine has a two-stage hp spool and a three-stage Ip spool.
In this example stator exit whirl distributions are specified together
with internally computed total-pressure~loss coefficients. In addition,
the analysis uses the options to specify the addition of coolant to the
mainstream and interfilament mixing. This mixing is assumed to occur
within the stator rows so that the analysis of each stage is based on
the assumption that total temperature and total pressure profiles are modi=~

fied within the stator blade rows. Again, the output is of the standard




form. One of the features illustrated by the output is the occurrence of
a limiting loading near the hub of the final rotor (stage 1 of the lp
spool). The meridional velocity drops from 344 ft per sec at streamline
3 to 317 and 80.8 ft per sec at streamlines 2 and 1, respectively. Ac-
companying this meridional velocity distribution, the computed relative
flow angles are 66.29, 67.38, and 83.63 at these three streamlines. Al-
though the printout represents a converged solution, the result of the
calculation of static pressures clearly indicates that a limiting loading
condition has occurred between streamline 2 and the hub; the calculated
hub static pressure is 55.81 psi which is approximately 1 psi less than
that required for radial equilibrium. The third stage of the 1p spool is
used for the third sample case to illustrate one possible approach to a

1imiting loading situation.

Sample Case 111

The input to this case is based on the output from Sample Case
Il. The inlet conditions are obtained from the second stage exit condi-~
tions and the annulus wall slopes and curvatures are those previously com-
puted. The row performances are specified by means of stator row total=-
pressure~loss coefficients and the radial variation of stage efficiency;
both sets of data are obtained from the previous example with the exception
of the hub value of stage efficiency. The output format specified is that
which gives the intermediate loop data on the convergence of the flow and
streamline locations. This sample illustrates the form of the output whep
the indicators IDELETE and 1EXTRA are both specified as 1. The stator
inlet and stator exit conditions compare'well with the values computed at

these stations in Sample Case Il. At the rotor exit, the meridional velocity
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still decreases rapidly towards the hub even with the radial variation of
stage efficiency specified. From this output it can be concluded that it
would be necessary to reduce the power output of the hub stream filament.
The rotor hub total-pressure-loss coefficient, implied by the specified
stator loss coefficient and stage efficiency, is less than that which
would be expected from the computed row reaction and flow angles. Thus,
to obtain a satisfactory solution of the flow field at rotor exit, it will
be necessary to raise the stage exit total pressure at the hub by reducing

the total temperature drop in the vicinity of the hub.

Sample Case [V

This sample case illustrates the specification of a supersonic
solution at a stator exit when the flow angle is also specified. The ex-
ample is based on the turbine of Reference 2 which is a small single-stage
fuel-pump turbine having a total~to-static pressure ratio in excess of 4:1.
A point to note is that the total-pressure-loss coefficient is internally
computed but an additional loss factor of 3.4 was specified for the sta-
tor (so that the stator row exit flow conditions would closely approximate
those given in Reference 2). This loss factor is approximately equal to
the square of the ratio of mean streamline stator exit Mach number to a
reference Mach number of 0.8. Three sets of analysis variables have been
specified with the second and third sets differing from the first in the
distribution of power output with radius only. The standard output is
specified.

The first set of analysis variables includes a uniform distribu~
tion of work output and the calculation is abandoned on the third pass.

The lowest value of mass flow for which a radial equilibrium solution



could be obtained was 7.37 lbm per sec compared with a design value of

6.808. The output obtained at this higher flow indicates the hub loading

is the basic problem; the meridional velocity is 229 ft per sec at the

hub compared to a 38L4 ft per sec at the adjacent streamline. The second
set of analysis variables has a parabolic distribution of the power output
function which reduces the hub total temperature by 1.3 per cent. With
this distribution a solution could be obtained at the design flow but the
distribution of meridional velocity and rotor relative exit flow angles
cannot be considered satisfactory. With the third set of analysis vari-
ables in which the hub section is still further unloaded an acceptable
design is ﬁroduced. In this design the meridional velocity monotonically
increases from outer to inner radius. This sample case illustrates that
relatively small changes in the power output distribution are required to
produce an acceptable design. However, the particular turbine has a rela-
tively high hub-to-tip diameter radius of 0.87. Thus, it is to be ex~
pected that stages of lower hub-to-tip ratio will require greater varia-
tions of power output function to avoid local limiting loading condition

when the stage is highly loaded.
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NORTHERN RESEARCH AND ENGINEERING CORPORATION

DATA INPUT SHEET

oF 1

ENGINEER: _ FKL PROJECT: AXIAL TURBINE DESIGN PROJECT NOs 1125
TiTLE: SAMPLE CASE | SHEET: _1 _
LOCATION
! oﬁ 12{ u}' u]u 0 BWEIT  ax(a3 4s|sd ulu so|8t  ssje7 T2
NASA SINGLE} STAGE TURBINE
1 1 Al i ol L
0 1 0 1 0 a 0 0 0

1 1 1 ' -4 1
$NAM]| AL i | L L -
NSP001L=1 ,NAN=2, NLLINES=9,GASC=153.35,FLWM=’+15. 51,NLT=1, .
RLT(I)=]6.O,T0LT(‘I)=5]8.7,P0L1T(l)=]4.696,JBETLT(1)=0.01$ R
$NAM2 '

J 1 1 1 1 A
RPM=’+660.0,HP=12817.5,NSTG=I,FIHP(I)=I.O,CPI(1)=3*D.2’+, . .

L
XSTAT(1)=0.p,1.0,2.0,3.p,4.0,

1 - 1 1 1 1
RANN(1, 1) =5f<14, 465 RANN|(1,2) =5%18. 0|,

L 1 1 " - L 1
NXT=5,RNXT ([I, 1) =14.465,115. 34875, 16. b325, 17.1162,18.00000, 1
WRL(1,1)=69}000,67.8L42,66.700,65.575,64.475,

1 i 1 1 A J

* LYCON(1)=.05}.2,.6,.6,.8,.02818182,.B6223185,5.5|2.0, ,

1 1 1 1 L
IPOF(1)=0 $

1 1 i .| 1 1
$NAM2

1 1 1 —l 1 AL
WRL(1,1)=5%66, 700, |POF (})=1,

L 1 s i i .
POF(]I,I)=0. ),.122119551, 245191230,.3689903213,.4935 8974,161899038, N
.74519230,.87219551,1.0000000 $

1 L ' 1 A i

1 1. 1 ) A A

i i e 1 i J i

= The coefficients of the loss correlation differ from those recommended.

This particular set was selected during an investigation of the effect
of the loss assumption on predicted velocity diagrams.



*% PACGRAM TD ~ AERNDYNANIC CALCULATIONS FOR THE DESIGN OF AXTAL TURBEINES ¢¢

NASA SINGLE STAGE TURBINE

s GENERAL INPUT DATA see

NUMBER (F SPOULS = 3
NUFMBER OF SETS OF ANALYSIS VARIAQLES = 2
NUMBER OF STREAMLINES = 9

GAS CCNSTANT =  53,35C0C LBF FT/LBN DEG R
INLEY MASS FLOW = 43.5100C tBM/SEC

©® TABULAR INLET SPECIFICATICNS ©

RADTAL T0TAL TOTAL ABSOLLUTE
COORCINATE  TEMPERATURE  PRESSURE  FLOK ANGLE
(N} (0€G R} €PSI) (0EG)

1€.00C0 sie.7¢ 14.656C 0.

55




55

ses SPCOL INPLT DATA e

#% DESTICN REQUIRFMENTS e

RCTATIVE SPEED = 46€C.0 RPM
POWER OLTPLY = 1227.,5C HP

#¢ SET L OF ANALYSIS VARIABLES ¢e

NUMPER OF STAGES = 1t

& PONER-QUTPLT SPLIT o

FRACTICh OF
STAGE NUMBER SPONL PCRER OLTPUT

1 1l.CCCaC

¢ SPECIFIC-HEAT SPECIFICATICN &

DESIGN STATION NLHBER SPEC IFIC HEAT
(8TU/LB» DEG R}

b C.24C00

2 €.24CCC

3 Ce26C0C

® ANNULLS SPFCTFICATICN o

STAFICH NUMRER AXIAL POSITION HLB RADIUS
() (81}
1 Ce 14.465C
2 1.0000 14, 4¢5¢C
3 2.0C00 14.465C
4 3.0000 1444850
k3 4, 0000 14, 465C

CASING RADIUS
{1N)

18,0000
18.0ccC
18. CCON
18.0000
18.0000



¢ BLACE-RUW EXIT CONDITIONS »

RADIAL WHIRL
STATOR 1 PCSETION ANGLE
L1N) (BEG}

14,4630 €9.00C

15,3487 67.042

1¢.2325 €6.7GC

17.11¢€3 65.575

18.00C0 €448

NCNDIHENS INNAL
STREANL INE POWFR QUTPUT

ROTOR 1 NUMBER FURCTICN

1 ce

2 €.125¢C

3 €.25000

4 0.375C0

] 0.%00C0

6 0.£25¢C

7 €. 7500C

8 0.873C0

9 1.c0000

® BASIC INTERNAL LOSS CCRRELATION ¢

TANEINLLT ANGLE) ¢ TAANLEXIT ANGLF) (0.C27181A1 ¢ 0.3€223185 # (V RATIO)®® S,350) IF (V RATIO) .LT. 0.680000000 &

[ R e

STINES®
0.60000000 + N.30000000 ¢ COS{EXTIT ANGLE} (C.C500CCCC ¢ D.2C000COC *{(V RATIOI-0.500)F EF {V RATIO) €T. 0.60000000

THE PRESSURE~LOSS CCEFFICIENT COMPUTED -IN THIS FANNER PAY NCT EXCEED A LIFIT OF  2,0000000C
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#e¢ OUTPUT OF SPNOL DESIGN ANALYSIS {SFT 1 CF ANALYSIS VARIABLES) o9
o8 STATOR INLET )| eoe

ABSOLUTE ABSCLUTF ABSOLUTE ABSOLUTE ¢
072 FLOY

STREAMLINE RENTAL PASOL-FLCH  PERIGIONAL AX 8L HHIAL, ABSCLUTE MACH ToraL 0Tt a
NUEEQ PISITIOY FLNCTICH veLOcITY VELOCITY VELOCITY VELOCITY NUMBFR PRESSLRE  TEPPERATURE ANGLE o
[§ &%) (LBM/SFL) (FPS} (FPS) (FPS} (FPS} {PST) {CEG R} {DEG) &
1 144650 0. 2634432 2434432 C. 263.432 0.215C9 14.656C 518470 0.
2 1449926 5.6PETS 263.432 2434432 Q. 243,432 0. 21909 14,6960 518,70 0. °
3 19,4242 11.1377%0 243,432 243,432 Ce 243.432 0.21909 14.69¢0 51870 0. [y
4 195. P31 17.0662% 2634432 2434432 0. 243.432 0.215C9 1446960 318470 0. (]
S 16, 3254 22.15%00 263.432 2434432 0. 2634432 0.216C9 14.6960 518470 O. L]
6 1he 7620 28, 46375 263432 2434432 0. 243,432 0.21909 14,6960 518.70 0.
14 17.1045 34.13250 263.432 243,437 C. 243.432 0.21909 14,6960 510.70 Ce [}
8 11.5970 39.82125 2634632 2434632 O. 243,432 0.21509 14.6%960 318.70 0. Q
9 18, 000D 45.51000 263.432 243.432 0. 243,432 C. 21909 14,6960 918.70 0. q
STREAML INF
STIEAMLINE STATIC STATIC SLOPE STREAMLINE
NUMHE & PRI SSURE TFPPE R ATURE ANGLE CURVATURE
(PST) (ueeG &) (CEG) (PER N}
! 14,2127 513.77 0. 0.
2 14,2121 518.77 0. 0.
3 142127 513.77 0. 0.
3 14,2121 613,77 0. c.
5 1402127 513.77 0. 0.
6 142127 513.77 0. 0.
14 1421217 513.77 0. 0.
[] 14,2127 513.77 0. Ce
9 14.2127 513,77 0. 0.
0 STATOR EXIT - ROTOR IWLET 1 ©¢
ABSOLLTE ARSCLLTF ABSNLUTE APSOLUTE ¢
STRFAMLINF <ADIAL FASS-FLOW PEITDIONAL AXTAL BHIRL ABSCLLTE MACH TCTAL TOTAL FLOW
NUMHER PCSETIEN FUNCTICN veLaGITY VELCCTTY VELOCITY vELCCITY NUFAFR PRESSLAE  TEMPFRATURE AHCLE ¢
() (L BM/SFC) (FPS) (FPS) tFPS) (FPS) (PS1) (DEG #) (DEG) @&
1 14,4650 0. 120,338 320.236 £34.50% £93.87% 0.85751 14,241P 518.70 89.000 ¢
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[CPRLE ¥
12,4740
Loered v
Ihe 4741
Vier L1
Li.r21l
11.601 0
18,0000

DX NI IS

STHEANL INF STATIC
“URRFR Prt Wl n
{1°51)

Hefil 14
0PV
3227
Ger 344
e 1236
E Y LY]
10,0611
1Ge 1212
IOPRI L]

PR N R

STREAM (NE SAJLAL
NURER LI s I
{1t

lbobt s
14,1798
19.4h4]
199297
TR L)
16. 748
17.206]
17.0101
18,0

CTwNIND w -

T AM) (NE RIATIL

qUF R Prik 5SU-
(LAY R ]

I LI UR L)

2 te 104/

3 he Th4>

S, AURGD
1137212
17.0K60Q
27, 1540])
2Re40 103
34.1316¢
39,82029
45,5089)3

STAILL
TF¥PrRATURE
[THENLS ]

492421
409407
Y312
&4ilet2
464,00
hobo 1)
4ht.02
4n.74
&7t.30

PASS=FLOW
FUNMCTTIUN
{(LBr/75EC)

0.

Se hRHTS
11.37750
17.06624
22.75479
2844373
3413247
39.R2121
4550976

STATIC
TEMPLRATUNRE
(nre nvi

427463
Lileh
471.24

321.1%8
11906
127,592
122,226
323.A182
1244341
374.812
32%.2306

STREAMLINF
SILPE
ANGLE

inrea)

FEQIDICAAL
veLocity
{EPS)

391.204
404,160
412,193
417.826
422.105
4254534
4284378
430.8C1
432.797

STREAML INE
SLOPE
ANGLC
{CEG)

0,
0.
0.

321.15¢8
321.906
32245992
3230226
3123.812
3240341
324.812
32%5.236

STREAML INE

CLRVATURE
(PER 1N}

AOT. 783
TR4.CT5
162.PC7
T43.551
125.953
709.826
€94.529
681.107

ALADE
VELQCLTY
(FPS)

SE¥.236
607,336
629,269
€48.711
666,299
683,641
700,324
Tleg 421
131,591

% STAGE EXIt

AxIAL
VELECETY
{FPS)

391.204
4C4.160
412193
417.826
422.105
4254533
428,378
430.801
432,897

STRFAML INE
CURVATURE
{PER [N}

Qe
0.
Ce

WHIRL
VELCCTTY
{FPS)

~1€.547
~13.803%
-11.488
-9.514
~7.798
=6.236
=5.016
~3.850
~2.8ChH

BLADE
VELOCIYY
(FPS}

SRR42136
€09.171
28,067

PoT.2R3
B47.%83
g2e.210
€1C. 767
794. 897
1804417
167.(91
154,775

RELATIVE
VELCCITY
{FPS}

404,658
311.%22
357.195
342.340
332,329
3264565
324,480
325,522
329,193

10

ABSCLLIE
VELCCITY
(FPS)

391.5%%
404,396
412.353
417.534
422.177
425,580
422.407
430.818
432,606

RELATIVE
VELCCITY
IFPS)

120.219
7424591
T81.9%0

€.A3061
C.80713
0. 78638
0.76784
€.75109
€. 73591
0.72203
0470826

RELATIVE
MACH
NUMARER

0,3R762
0,36073
0.34C15
0. 32505
0.31473
0.30857
0.30598
Ce 30640
0,10934

ABSCLUTE
MACH
NUFRER

0.38A5%
0.40170C
0.40986
Co 41560
0.41997
0.42347
042639
0. 42R88
0. 43103

RELATIVE
PaCH
NUMBER

0.71475
0. 73763
0. 75695

14,2759
14.3120
14.339%
14,3631
14,3038
14,4020
14,4181
1444325

RELATIVE
TOTAL

PRESSLAE
{Ps1y

9.1728
9.9341
10.C69R
10.25R4
1C. 4146
105695
10.7228
10,8751
11.02¢8

ABSCLUTE
TCTAL

PRESSLIE
{PST)

7.50%9
T.559%
7.5938
T.6184
T.6273
T652%
T+6653
Tb762
T.68%6

RELATIVE
TCTaL

PRESSURF
tesr)

95C13
7100
9.8886

518.70
518.70
S518.70
518.70
51R.70
518,70
518.70
518470

RELATIVE
TOTAL
TEMPERATURE
(OFG R}

465,80
AbT.¢8
469,54
AT1.37
473,19
475.00
476,78
478,5%
480,131

ABSOLULTE
TOTAL
TEMPERATURE
(DEG R)

435,39
435,29
435.39
435,39
435,39
435,39
435,39
435.39
435,39

RELATIVE
T0T2L
TFFPERATURE
{CEG R)
465.20

467.68
459, %

684318
67.679
6T.076
66.505
65.981
65.443
64,943
64,475

RELAT [VE

FLOW
ANGLE
(CEG)

37.5%2
3.2
2%.68)
19.556
13,442
Te 443
1.678
-3.78%
-B.892

ABSOLUTE

FLUN
ANGLE
{DEG)

-2.422
-1.956
-1.596
=1.30%
-1.0%8
~0.853
=0.671
=0.512
~0.371

RELATIVE
FLOW

ANGLE
{DEG}

~57.103
~%7.028
~57.231

> edoPyr o

X 2 J

rE ¥
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VR~V >

60

6.7¢46
b T66T
6. TOGT
6, THG6
6.7645
6.7643

STREAML INC

NUMBF R

QBN NP VN~

420.85
420,55
470031

427011
419.9%
41979

STATLR
REACTION

N.27233
C.28004
0.28721
0.29393
0.30025
0.30624
0.31193
031734
0.32252

RCICR
REACTICH

C.56097
0.50038
0446904
0.439¢1
0.41813
0440311
€.39340
0.38798
04386C0

647,634
665.849
€3 (13
659.827
716.135
731.991

178,733
794,798
81C.116
824,210
€35.C27
852.834

*¢ STAGE 1| PERFGRNANCE oo

STATOR
PRESSLRE

0.0A363
0.08C08
0.CT697
0.07422
0.07176
0.056555
0.06754
0.06%73
0.06406

RCICR
PRESSLR'

C.09¢€1
0.07705
0.06£59
€.06018
c.C5%8n
0.05256
c.C5c01
€.04799
0.04¢12

STATCR

L0SS o BLACE ROW BLADE ROMW
COEFFICIENT COEFFICIFNI EFFICIENCY EFFICIENCY EFFICTIENCY EFFICIEACY

€.9427%
0.94408
C.54531
C.5684T
€. 94755
C.94857
0.654952
Ca55C41
C.95124

* MASS—-AVERAGED QUANTSVIES @

STATOR BLADE~ROK EFFICIENCY »

ROTOR BLACE-ROW EFFICIENCY

STAGE WORK

STAGE TOTAL E€FFICIENCY
STAGFE STATIC EFFICIENCY
STAGF ELACF—~ TO JET-SPEEC RATIO

C.94736
0.55598

19.996
0.93974
0.8Q0796
C.59848

0.77438 10.0556 47131
C.79C64 10,2165 473012
C. 80611 10. 3743 474,92
0.82€92 10,5299 476472
0.83525 10.6845 478,92
0.04914 10.03688 480,31
ROTCR RCTCR STAGE

ISENTRCPIC  ISENTRCFIC
0.92R74 0.9606% 0.91975
0.94297 0.96676 0.92067
0.95C79 0.96994 0.9 3446
0.95572 0.97179 0.938¢4
C+95916 097294 0.94186
0.96178 0.,97373 0.94449
n.96388 0.97429 Ceoa048
0096563 0.97471 0.94€56
0.96714 0.97504 0.9%020

BTU PER LBP

=57.951
-937.921
-58.313
=-58.710
-59.106
“59.496

o> »



sa: SPOOL PERFORMANCE SUFMARY (MAS5-AVERAGEL GUANTITIES) ¥2e

SPOOL WORK

SPOOL POMER

SPOOL TCTAL~ TO TCTAL-PRESSURE RATIO
SPQOL TOTAL~ TO STATIC-PRESSURE RATIN
SPOOL TOTAL EFFICIENCY

SPODL STATIC EFFICIENCY

SPCCL BLADE- TO JET-SPEED RATIO

19.996 BTU PER LBN
1287.%0 HP
192739
2.11253
Ce§IST4
0.80796
0e89¢48
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'0 PROGRAY TD ~ AERIDYNANIC CALCULATIONS FOR THE OESIGA OF AXIAL TURBTAES °¢

NASA SINGLE STAGE TLRBINE

#80 GENERAL INPUT DATA o¢s

NUMBER OF SPOOLS = 1
NUKBER OF SETS OF ANALYSIS VARTABLES 2
NUMBER OF STREAMLINES = 9

GAS CONSTANT » 53.3500C LBF FT/LBN CEG R
INLET MASS FLOW = 45.,5100C LaM/e="

¢ TABULAR IHLET SPECIFICATIONS @

RADIAL TOTAL T0TaL ABSOLLYE
COCRGINATE TEMPERATURE  PRESSURE FLOW AMGLE
tINg {DEG R) (1318 {DEG)

16.0000 518.70 14.8%6C O



$6% SPCOL INPUT DATA ses

% DESTGN REQUIRFMENTS ¢

RCTATIVE SPEED = 46€0.0 RPR
POWER QUTPUT = 1287.5C HP

8% SET 2 OF ANALYSIS VARIABLES »¢

NJKRER QF STAGES e )

® POWER-CUTPUT SPLIT @

FRACTICN Qf
STAGE NUXBER  SPOOL PCWER OLTPUY

1 1.€CCCC

@ SPECIF IC-HEAT SPELIFICATICN o

DESIGN STATION NUMBER SPECIFIC HEAT
{8TY/LBN DEG R)

1 G.24C00

2 C.24C0C

3 0.24CCC

® ANNULUS SPECIFICATICK ®

STATICN NUMBER AXTAL POSITION HUB RADIUS
LIN) tInd
| 0. 14, 465C
2 1.0000 14.485¢C
3 2.0000 144650
4 3.0000 14, 465C
5 4,0000 14.465¢C

CASING RATIUS
(3.}

18.0000
18.0C00
18.0000
18.0000
18.0000

63




® BLADE-ROW EXIT CONDITIONS »

RAQIAL WHIRL
STATCR 1 POSITION ANGLE

(3L} (DEG)
14.465C €é.70C
15.3487 £6,7CC
16.2325 £6.70C
17.11¢3 66,706
18.C0C0 6. 7CC

KOHOIMENS [OHAL
STREBML INE PORER GUTPUT
RQTCR 1 NUMBER FUKCTICN

1 Ce

2 C.1222¢

3 €.24519

4 Ce 36859

1 0.49359

6 €.61899

7 Ce 74519

8 0.87220

9 1.€00CC

* DASIC INTERNAL LOSS CCRRELATION ®

TAN(ILFT ANGLF) # TAN{FXIT ANGLE) (0.,02818181 * C.3€223185 & (V RATIO)I®® 5.50) (IF (V RATIO} «LT. 0.60000000 &
Y. *TIrES®
0.60000000 ¢ 0.800NNONO * COS{EXIT ANGLE) (0. 0500C0CC ¢ 0,2C000CCC ¢ ((V RATIOI-0.600)1 [IF (V RAYIC) .€T. 0.60000000

THE PRESSURE-LOSS CCEFFICIENT CCMPUTED IN THIS PANNER MAY NCT EXCEED A LIPIT CF 2.00000Cc0C

6l



STREAML INE

YUMRF3

D NS WA -

STREAKLINE

NUMBER

VTN VWA

STREAMLINE

NU4BER

RADIAL
PLSITICH
(IN}

14, 46451
la.1526
1544249
15.6R31
16, 3284
16.7620
17.1846
171.9970
18.0000

STATIC
PRESSURL
(23 8]

14,2127
142127
14,2127
422127
16,2127
14,2121
14,2127
14,2127
14,2127

RAUTAL
POSITICN
{11}

14,4650

s$* QUTPUT OF SPNNL DESIGN ANALYSIS (SET 2 DF ANALYSIS VARTABLES) #s»

PASL-FLCH
FOULTTUN
(LRr/STCY

0.

S.AAB1%
11.37750
17.06625
22.71%500
2R, 44375
34.13250
39.82125
45.51000

STATIC
TEPPERATURE
{BEG R)

513.77
Stl. 77
513,77
51377
S513.77
513. 17
513.71
513.77
S13.77

HASS-FLOW
FURCTICN
{LEH/SEC)

0.

PERIDICNAL
VHLECHTY
(FPS)

243.432
2634432
243,432
263,432
2434432
263,432
243,432
243,432
283.4632

STREAML INE
SLOPE
ANGLE
{CEG)

PERIDICKAL
VELOCITY
(FPS)

356,488

8 STATOR INLET 1 s

AXTAL WHIRL
VELOCITY VELOCITY
{FPS) (FPS)
2434432 Ce
243.432 Qe
2643.432 Ce
2434432 0.
2434432 0.
243.432 G.
243,432 Ce
243.432 Ce
243.432 Ce
STREAML INE
CURVATURE
{PER IN)
Ce
O.
Q.
Ce
0.
0.
0.
Ce
[ 2

ABSOLUTE
VELOCITY
(FPS)

243,432
243,432
243,432
263,432
243.432
243,432
282,432
243,432
243,432

#% STATOR EXIT - ROTOR INLET 1| ¢»

AX 1AL WHIRL
VELOTITY VELOCITY
(FPS) (FPS)
3564488 227.758

ABSCLUTE
VELLCITY
(FPS)

901.2%5

ABSOLUTE
HACH
NUMBER

0. 21909
0.21%09
0.21906
€.21909
0. 21909
0.21909
C.21909
0.21909
0.21909

ABSOLUTE
MACH
NUPBER

0. 856564

ABSCLUTE
TCTAL

PRESSURE
tPsS1)

14.6960
14,6960
1446960
14.6660
14.6960
14.6960
14,6950
14,6960
18,6960

ABSCLCUTE
TOTAL

PRESSURE
(1233}

14,2975

ABSOLUTE
ToTaL
TEPPERATURE
({LEG R)

518470
518.70
S518.70
518.70
518,70
518,70
S518.70
518,10
S518.70

ABSOLUTE
TOTAL
TERPERATURE
{DEG R)

Sl8.70

ABSOLUTE o
FLOW

ANGLE
(DEG)

ABSOLUTE

FLOW
ANGLE
(DEG?

66700

» o

ooy SoSe
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STREAMLINE
NUMBER

STIFAMLINE
NUMBFR

SIREANML INE
NUBER

66

BrwC P WN

DO N VO WN -

QONPRIwWwN—~

14. 9405
15.4042
1% &% 1%
l16.3013
164 1388
11.1667
17.958%%
18.0002

STATIC
PRESSURE
wsh)

8. 7701
9.0171
9.24 32
9.4512
9.6613
9.821s
.98 10
10.1416
10.2861

RADIAL
PUSITICN
[$E.1}

L& 4650
14.9383
15391
15. 8656
16.2862
16.7207
17.1504
17.576%
18.0000

STATIC
PRESSURS
st

6. 76006
6. 7607
6, 7600

5.6RE54
11. 37710
17.06569
22.75427
2B.44 288
34413151
319.82015
45.50880

STATIC
TERPERATURE
{DEG R}

451,11
454,56
457.65
460,45
462,99
465,31
467,44
469,40
471,22

RASS-FLOW
FUNCTION
{LBM/5€C)

0.

5.68875
11.37751
17.06626
22.75%02
2844377
34.13253
39.82128
45.51003

STATIC
TENPERATURE
{DEG R}

421.98
421.35
420.98

367,277
338.799
3130.954
323.658
316.846
310.462
3044459
298.199

STREAKLINE

SLOPE
ANGLE
{OEG)

PERICIONAL

VELOACITY
{FPS)

432.497
433,456
431.236
427.203
422.030
416.068
409,498
402.421
394.874

STREANL IKE

SLOPE
ANGLE
{DEG)

0.
0.
O.

347277 8064369
338.799 786 .684
330.9%4 768..46%
3723.£58 751.52%
316.846 135.708
310.462 720.885%
3C4.4%9 TC6.947
2984799 693,804
STREAMLINE BLADE
CURVATURE VELCCITY
IPER IN) (FPS)
O. 528,236
Ge £07.571
Oe 626.428
0. 646,860
Q. €624512
Oe 680.622
Oe 698.C21
O. 715.134
0. 131.991

88 STAGE EX1Y

AXTAL WHIRL
VELOCITY VELCCITY
tFPS) (FPS)
432.497 =1.473
433,435 =1.753
631,238 ~2.236
“27.203 =2.881
422.030 =3.659
416.068 “8,542
409.498 -%.512
402,421 =84551
354,874 =T.648

STREAML INE BLADE
CURVATURE  VELOCITY
({PER 1IN} {FPS)

0. 585.236
0. 607.402
Qe 626,147

877.970
85¢.537
83¢.701
E1B.257
8Cl.C3%
704, €95
165.720
135.41C

RELATIVE
vefceiTy
(FPS)

429.480
40C. 152
374,709
352,283
335,969
321.599
311.303
304.370
301.22%9

ABSOLLTE
VELOCITY
(FPS)

432,499
433,439
431,242
427.213
422,046
416.C91
409.53%
402,474
394,948

RELATIVE
VELOCITY
(FPS)

731.307
TA4T.£96
T62.118

Ce 84COT7
0.81¢679
0. 79545
0.77578
0. 75756
0. 74060
0.72478
Ce70991

RELATIVE
RACH
NUMBER

021251
0.36288
035740
C. 334987
0.31018%
0230414
0.29373
0.28678
0.28309

ABSOLUTE
RACH
KUMBER

0.429%2
G.43CT78
.0.42877
0.42489
0.%1983
0041397
0.40749
C.40049
0.39301

RELATIVE
MACH
KUMER

0.72627

C. 74308
0. 75775

14,3138
14,3283
14,3417
16,3541
14.3656
14,3762
14.3860
14.34%2

RELATIVE
TOTAL

PRESSURE
tpst)

9.8%99
9.9768
10.0964
10. 2187
103440
10.4721
10.6C3)
10.737%
10.8748

ABSCLUTE

9.6034
9.754%
9.890%

S18.70
$18.70
518.70
518.70
S18.70
318.70
518.70
318.70

RELATIVE
TOTAL
TENPERATURE
(DEG R)

466,46
467.08
469.34
470.83
472.36
473.91
47%.%0
41712
478,77

ARSOQLUTE
TOTAL
VENPERATURE
(DEG M)

437.52
436,99
436,45
43%.92
435,19
434,05
434,32
433,78
433,29

RELATIVE
Tov AL
TEPPERATURE
(LEG ®)

456 46
407.07
469,31

664700
864700
664700
66.700
066.700
664700
864700
0660700

RELATIVE
FLOW
ANGLE
(DEG)

33.897
29.789
25.318
20.480

~T.203

ABSOLUTE
FLO%
ANGLE

{OEG)

~0.195
«0.232
=0.297
-0.38%
«0.497
=0.425
=0.711
-0.933
~1.109

RELATIVE
FLON
ANGLE
{DEG)

-53.743
-54,.569
~5%5.53%

o> OSOs »

osPese SO S »o
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VL ~wer s>

He TR
Ao I66H
b TH"S
G781
6e76%0
& 1608

STeFAML INE

KUMBFR

QRO P I w S

420.73
420458
420.4%
420,36
420.30
420,27

STATNR
REACTIUN

0427010
0.27727
028420
Ne290%4
0429750
0030330
0.31015
0430626
032225

RCTOR
REACTICN

0.58728
10653518
0.49177
0.45554
042962
0.40143
0.38286
Gu36RTA
0435927

STATNR
PNESSURF

0.07209
0.07220
0.07231
0.07244
0.07257
0.C7272
c.07287
0.07304
0.07321

STATOR BLADE-R(OW EFFICIENCY =

ROTOR BLACE-ROM EFFICIENCY

644,381 1754532 0.77131 10.0198 470.78
624298 788,421 0.708429 10.1468 472.29
€79.566 801.038 Ce 79€95 10.2740 473.84
697441 813,530 0.80946 10.4028 475.43
114769 A25.981 0.82190 10.5342 477,07
731.991 838.444 0.83434 10.6689 478,77
o STAGE 1 PERFOIMANCE #¢
RCTOR
PRESSURF STATOR ROTCR RCICR STAGE
0SS BLADE RO  BLADE ROW ISFKTROPIC ISENTRCPIC
CDEFFICIENY COEFFICIENY EFFICIERCY EFFICIENCY EFFICIENCY EFFICTENCY
0.0902% C.$5C39 0. 93359 Q.956114 0492358
0.C74C3 C.G4551 0.94%23 0.96692 0.931C2
C.C6507 C.54871 0.95187 0.97011 C.93558
€.05985% Ce541795 0.95567 0.97189 0.93270
c.05670 0494725 0.95/39 Q.9720% 094C95
0.C%477 0.94458 0.96003 0.97331 0e942087
0.C5360 € 54595 096114 0.97346 0094398
€.052%5 G 5453% Q.96188 0.97338 0.94%01
0.05268 094477 0.96235% 0.97314 0.94519
® MASS~AVERAGED QUANTITIES »
C.94736
- C.55530
STAGE WORK = 19.996 BYU PER LBM
= 0.,93617
- 020743
= Co%9428

STAGE TOTAL EFFICIENCY
STAGE STATIC EFFICIENCY

STAGE BLADE~ TC JET-SPEED RATIN

~96.575
-37.637
-38,707
=59. 778
~60.843
~81.903

LY X ¥ B J
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68

se¢ SPOOL PERFORMANCE SUMMARY {MASS—AVERAGED QUANTITIES) ses

SPOOL WORK

SPOOL POMER

SPOOL TCTAL- TO TCTAL-PRESSURE RATIO
SPCOL TOTAL- TC STATIC-PRESSURE RATIN
SPOOL TOTAL EFFICIENCY

SPNOL STATIC EFFICIENCY

SPCCL ALADE- 70 JET-SPEEC RATIN

19,996 8TU PER LBP
1287.50 HP

1.92€23

2.17377

0.93517

0.80743

C.%5420



ENGINEER:

TITLE:

NORTHERN RESEARCH AND ENGINEERING CORPORATION

FKL

SAMPLE CASE 11

PROJECT:

DATA INPUT SHEET

AXIAL TURBINE DESIGN

SHEET:

LOCATION

PROJECT NOs

1

——

1125

3

u ! z[a I IP IQIII 0

Ll »

a7

4

|

e7

72

NASA MULTIS

|

TAGE TWINSPO

i

0L TURBINE

1

0

L

1

0

L

0

2

-

o

$NAMI
1

L

|

NSPOOL=2, NL|

INES=9,GASCS

L

53.35,FLWM=1

-1

11.9,NLT=1,

L

1
RLT(1)=14.5
L.

JTOLT (1) =241
1

0.,POLT(1)=3
L

2.4, BETLT(1
e

1

$NAM2
. .

i

L

L

RPM=10800. ,
L

HP=24530. ,NS
1

TG=2,FHP (1)
1

.49,.51,CP(1
L

-.p82,.275,
i

XSTAT(1)=0.
L

0,1.5,3.0,4.
L

5,6.0,7.5,9.
|

0,

1

i

RANN(1,1)=1
L

3.975,14.0,1
j

'+, 025,14.05,
1

14,075, k.1,

RANN(1,2)=1
—h

:.85,15.1,15

.35,15.60,15

.85,16.1,16.

FLWCN (1) =2
i

,01698,.0160
i

9,0.0,T0C (1)

=l 1400.
1

XMIX(1,1)=9
-

0

<1.0,
1

1

1

XMIX(1,2)=%F
i

0.0

1

1

1

XHIX(1,3)=91.0,

i

-

1

XMIX(1,4)=9%0. 0,
1 1

J

"

A

NXT=5,RNXT (
1

1,1)=14.025,
A

14.35625, 14,

$875,15.0187
1

5,15.35,
1

RNXT€1,2)=1

+.075, 14,518
A

75, 14.9625, 1
&

5. 40625, 15.8
1

WRL{1,1)=1425,43,1397.3

2,1370.7,134
1

5.48,1321.55
Y

WRL(1,2)=14
1

B3.60,1438.2

6,1395.6,135

5.4,1317.46,

YCON(1)=.04

,»0936,.5,1

.0,0.0,.03,.

157255,3.6,24

e e e e e e =t e e = =+ =



NORTHERN RESEARCH AND ENGINEERING CORPORATION

DATA INPUT SHEET

70

ENGINEER:  FKL PROJECT: AXIAL TURBINE DESIGN  PROJECT NOv 1125
TITLE: SAMPLE CASE 1| SHEET: 2 _OF 3
LOCATION

[ 1 LI [} 48F] IOF 24128 30 37 4243 48149 “]:l [ 130 0] [t Y0124 k £

1POF (1)=0,0] $

1 . 1 L A L
$NAM2

L L L L d 1
RPM=L6L6. ,HP=11209. 3, NS[rG=3,FHP (1)=.3091,.3330,} 3579,

1 L . . 1 1 1
CP(1)=2%,27p,2%.273,2%.R71,.268,

1 1 . | 1 d 1
XSTAT(1)=7.5,9.0,10.5,12.0,13.5,15.p,16.5,18.0,[19.5,

L 1 B = . i
RANN(1,1)=1h.075, 4.1, 1B, 14,14, 18, 1. 22, 14, 26, 1k. 30, 14. 34, 14. 38,

i i 1 1 1 L

RANN(1,2)=15.85,16.1,16L.65,17.20,17L75,18.30,18}85,19.40,19} 95,

A 1 : 1 1
FLWCN (1)=6%p.0,TOC (1)=60.0,

1 d 1 1 - | J
XMIX(L1,1)=9'<1.0, . | N . ,
XMIX(1,2)=910.0,

—r 1 Y L 1 i
XMIX(1,3)=9¢1.0, N ) 1 .
XMIX(1,4)=9§0.0,

i 1l 1 1 1 i
XMIX(1,5)=9!r1.0,

1 1 1 1 1 L
XMIX(1,6)=90.0,

L. 1 1 1 A j
NXT=5L,RNXT(I,I)=llli.14,14.7675315.39'5,16.01225,16.65, N .
RNXT(1,2)=14.22,15.1025), 15.985,16.8675,17.75,

1 1 - J 1 .
RNXT(II,3)=I+.3,151.4375,16.5751,17.7125,18.185, A R
WRL(1,1)=79B.16,759.46,728.5,699.97|,673.59,

1 1 1 ) 1 J
WRL(1,2)=845.01,798.70,757.90,721.7B,689.50, . )
WRL(I,3)=903.00,8§7.50,784.203738.32,698.5], R .




NORTHERN RESEARCH AND ENGINEERING CORPORATION

DATA INPUT SHEET

ENGINEER: __ FKL PROJECT: __ AXIAL TURBINE DESIGN __ PROJECT NOs» _1125
TITLE: SAMPLE CASE |1 SHEET: 3 OF 3
LOCATION
! s 12413 ll} 2488 018 ﬂ}l" @9 48ja l:li: eojel esie7 T2

IPOF(1)=3* § ) . N )
. L L s . !
1 1 I\ i L 1
1 1 1 1 1 1
. . . . s L
1 1 | | 1 1
L L . . L 1
L : L : ) .
L 1 | 1 y 1
. : ; A . :
: . . ; 1 L
{ } 1 1 L I
i 1 1 1 L L
. . . s - L
. . . 4 . )
i L a4 1 L A
L ) 1 L L 1
‘ 1 L . : L
: : . L . 1
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"¢ PROGRSP TO - AERODYNANIC CALCLLATIONS FOR THE DESIGN OF AXIAL TURBINES °°

NASA MULTISTAGE TWINSPOOL TLRBINE

s¢¢ GENERAL INPUT DATA #%e¢

NUMBER OF SPOOLS 2
NUMBER OF STREANML INES = 9

GAS CONSTANT = $3.3500C LBF FT/LBF OEG R
INLET MASS FLON = 111.9€00C LBP/SEC

* TABULAR [NLET SPECIFICATICNS ¢

RADTAL TOTAL TOTAL ABSOLUTE
COORDINATE TEMPERATURE  PRESSURE FLOW ANGLE
(R4 1) {DEG R} (PSI} (DEG)

14,5000 2410.00 382.4CCC Oe



¢4¢ [NPUT DATA FOR SPOCL t tee

¢4 DESEGN REQUIREMENTS #o

ROTATIVE SPEED = 10800.0 RPN
PONER OLTPUT = 24%3C.CO HP

¢4 ANALYSIS VARTAELES eos

HUMBER OF STAGES = 2

¢ POWER~QUTPUT SPLIT ©

FRACTICN OF
STAGE NUMBER  SPOOL PCWER OUTPLY

1 C.49C0C
2 G.51C0C

® SPECIFIC-HEAT SPECIFICATICN @

CESIGN STATION NUMBER SPECIFIC HEATY
({BTU/LBR DEG M)

€.28B0C
c.2eecc
€.28200
0.28200
0.2750¢C

LR R R NY

® ANNULUS SPECIFICATION @

STATION NUMEER AX 1AL POSITION HUB RADIUS CASING RADIUS
[SLE LINY [RL}]
i 0. 13.9750 14248500
2 1.5000 14.CC0C 15.1¢00
] 3.0n00 14.025¢C 15.3500
4 4,.5000 16.C5¢CC 15.6C00
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5 60000 14.075C
6 7. 5000 14.100C
7 9.0000 14.140C
¢ CODLANT SCHEDULE *
FRACTION NIF TOTAL
BLADE ROW NUMBER INLET MASS FLOW  TEMPERATURE
(BEG R)
1 0.21698 14€0.00
2 c.01698 14C0. CO
3 0.01609 1400.00
4 0. 1400.CC
® HIXING COEFFICIENTS &
STREANL INE BLADE BLADE BLADE B
KUFBER ROW ROY ROW
1 2 3
1 1.00000 Q. 1.00000 0.
2 1.CC000 0. 1.0C0C0 0.
3 1.Co000 0. l.CCCCC O
4 1.00000 C. 1.00000 O
S 1.000C0 O. 1.0C0C0 Ce
3 1.CC000 0. 1.00000 Qe
7 100000 0. 1.CCCCO Qe
] 1.00000 0. 1.00000 O
9 1.000C0 0. 1l.06¢0C0 Ce
& BELADE-ROM EX!T COMDITIONS *
RACIAL WHIRL
STATOR 1 POSITION VELOC11Y
(81} LFPS}
14.02%0 1425.43C
14,3563 1397.32¢
14,6875 1370, 70C
15.0187 1345.48¢C
1%.3500 1321.550
NONDIVENS IONAL
STREAML INE POMER OUTPUT
ROTOR 1 NUMBER FLNCTICH
1 Ce
2 Cs125C0
3 0.250€0
4 Ce375CC
L] €.300C0

15,8500
16,1000
16.6%00



[} €.£25CQ
T €.75000
8 C. E75C0
9 1.00000
RADIAL UHIRL
STATOR 2 POSITION VELOCITY
CIN} (FPS}
14.0750 14€3.6CC
14,5187 1438.26C
14,9623 1359.40C
15,4063 1355.400
15.8500 1317.460
NGNDIMENSIONAL
STREANL INE PCNER QUTPUT
ROTOR 2 NUMBER FLNCTION
1 Ce
2 0.12500
3 €+250C0
4 04375CC
5 €.50000
6 0.62500
7 C.750CC
. e €.07500
9 1.C00C0

® BASIC INTERNAL LOSS CORRELATICN ¢

TANCINLET ANGLE) ¢ TAN{EXIT ANGLE) {0.02996999 ¢ 0.1572549% ® (V RATIO)I®® 3.60) [F (V RATIO} oLT. 0.5000CC00 &

Y= OTIMES

L]
1.00000000 ¢ 0. © COS{EXIT ANGLE} (q.OQBOCCOD + 0.09340000 ¢{{V RATIU)=0,500)) IF {V RATIO} .CT. 0,50000000

THF PRESSURE-LOSS COEFETCIENT COMPUTED IN THIS MANNER NAY MOV EXCEED A LIMIT OF  2,0C000000
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STRFAMLINE
NUMHER

STREAMLINE
HUMBER

76

WD NP LS N -

OXT NI AL -~

RADIJAL
POSITICN
Ny

14.00C0
1441415
14,2817
14,4207
140994
1446955
14.A311
14.9660
15,1000

STATIC
PRFSSUAF
Pst)

334.9122
334,9122
334,9122
334.9122
334.9122
334.9122
3I3e.9122
33449122
334.9122

MASS-FLOW
FUKCTICN
{LBr/SEC)

0,
L3,9A747
27.97499
&1.96248
95. 94998
69.93748
83,92498
17.91249

111.90000

STATIC

TEMPLRATURE

{DEG R)

2397.35
2397.35
?2397.35
2397.35
2397,35
2397.35
2397.35
2397.35
239735

o009 QUTPUT OF DESIGN ANALYSIS FOR SPLOL

PERSOICNAL

vILccIry
{FPS)

L2T.145
427.145
427.14%
4274145
427,145
421.145
427.145
427145
427.145

STREANLINE

SLOPE
ANGLE
{DEG)

0.955
2.049
3.13¢
4.208
5.214
6,332
7.383
B.426
9,462

¢% STATOR INLET 1 o

AXTAL
vELoctry
(FPS)

427.c86
426,872
426.507
425,994
425.337
424,939
423.€04
422.535
421,334

STREAML INE
CURVATURE
{PER (N}

[: 2

G.CcC000
C.00000
6.00000
0,CcC000
¢.co000
0.00000
¢.00000
0.,00000

WHIRL
VELCCITY
(FPS)

ABSCLUTE
VELCCITY
(FPE)

427.145
427,145
4274145
427,145
427,145
427,145
427.145
427.14%
427,143

i see

ABSOLUTE
MACH
NUFBER

0. 18380
0.1838C
0. 16380
0.1a380
D. 18380
0.18380
0. 18380
0.18380
0.18180

€% STATOR 1| RIXEND AND/OR COOLED QUANTITIES e

STREAML INE
NUNBER

LYE

ABSOLUTE
TOTAL

PRESSURFE
{PST}

342,4C00
142,4CC0

ABSCLLTE
TOTAL
TEMPERATURE
{DEG R}

2393.14
2393.14

ABSCLLTE
TOTAL

PRESSURE
(Y230}

342,4000
342.4000
342.4000
342,4000
342, 4000
342,4C00
342.4000
342,4000
342,4000

ABSOLUTE
TOTAL
TERPERATURE
{DEG R)

2410.00
2410.00
2410.C0
2410.00
2410.00
2410.00
2410.00
2410.C0
2410.00

ABSOLUTE
FL OW

ANGRE
(OEG?

> ODes © oo



STREA ML INE
NUMRER

ODNC NS - -

STREAMLINE
HUMAER

OB~ P> wNe

RANIAL
PGSITICG
(my

14,0250
14.1 N8
14,3977
14,5223
14.6877
14,1579
15,0176
15.1833
1543500

STATIC
PRESSURL
psty

252413178
253, 1021
255,211
256.6857
258411 38
259.5049
260.8622
262.1921
263.,4964

PASS~-FLOW
FUNCTION
(LBR/SEC}

0.
14.22500
28.44999
42.67497
S6e. 89993
7T1.12488
H5.34991
99.57498
113.80004

STATIC
TEMPFRATURE
(OFG R)

2237.77
22640.87
2243.87
2246478
2269462
225240
2255.11
225179
2260443

MERTOICNAL
VELCCITY
{FPS)

4564759
452.1388
457.652
442.478
4364863
430,766
424,114
4164889
408.959

STREAHLINE
SLOPE
ANGLE
{BEG)

0.9%5
2.02¢
3.091
4.152
5.210
6,268
7. 328
8.392
Fa662

DD IV W

342.4C00
342.4000
342.4000
342.4C00
342.4000
342.4000
342,4C00

2393, 14
2393.14
2393.14
2353.14
2353.14
2393.14
2393.14

*¢ STATOR EXIT - RCTNR INLET ] #s

AXTAL
VELQOCITY
(FPS}

4564695
452410%
447,000
441317
435.058
428.191
42C.650
4124425
403.394

STREAML IRE
CURVATURE
{PER IN}

“0. .

~0.040000
~-0.00000
~0.00000
~0,00000
~0.00000
~0.00000
-0.00000
~0.00000

WHIRL
VELOCLTY
(FPS})

14254430
1411.083
1397.2C2
1383.73%3
1370.681
1357.560
1345.568
1333,432
1321.550

SLADE
VELQCTTY
(FPS)

1321.825
1337.9547
1353.179
13684750
1384.286
1399.817
1415.374
143€.991
1446.703

ABSCLLTE
VELOCITY
(FPS)

1496.823
1481,.831
1467.162
16452.777
16438, €16
1424, 840
141C.822
1397.082
1383.380

RELATIVE
VELOQCITY
(FPS)

468,362
A58.326
449.811
442,732
437.€75
4324795
429.821
428,152
427.680

ABSOLUTE
MACH
KUMBER

0.66666
Ce 65953
0465256
0.64575
0.63905
0. 63245
0462594
0.61947
0.61304

RELATIVE
MACH
NUMBER

0.2086C
0. 20399
0.20007
0.198179
C.19415
0.19213
0.19070
0.18985
0.18953

¢¢ ANTOR 1 MIXED ANDJOR CNOLED QUANTITIES o«

STREAMLINE
NUBRER

ABSOCLUTE
TOTAL

PRESSURE
(PS1)

ABSOLUTE
TOTAL

RELATIVE
TCTAL

TEMPERATURE PRESSLRE
(PSt

(DEG R}

RELATIVE
T0TAL
TENPERATURE
{DEG R}

ABSGLUTE
TOTAL

PRESSURE
(PSTH)

334.2682
374.3947
334.5062
334.6C23
334.,6836
334.7500
334.8006
33448355
334.8%2)3

RELATIVE
meraL

PRESSURE
(1233}

25944163
260.7028
261.9884
263.2723
264.5590
26% 8494
26741442
268.4492
269.7533

ABSOLUTE
TOT AL
TEPPERATURE
{CEG R}

2393.14
2393.14
2393.14
2393.14
2393.14
2333. 14
2393.14
2393.14
2393.14

RELATIVE
T0TAL
TENPERATURE
(DEG R)

2252.99
2255.44
2257.90
2260.38
2262,87
2265438
2267492
2270, %0
22713.11

ABSOLUTE

FLOW
ANGLE
{DEG)

12.235
712.21%
12.259
12311
724390
T2.499
T2.640
12.813
13.026

RELATIVE

FLOW
ANGLE
(DEG)

12.782
9.239
5.62%
1.947
=-1.791
-5.503
-9.423
~13. 309
~17.238
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STREAML INE
NWeRER

STREAMLINE
NUMBER

78

DONF NP WN -

ODNO RPN~

RADIAL
PGSITION
[y

14.0%C0
144 25%0
14,4556
14,6526
14,8464
15. 0376
15.2261
15.4141
15.6000

STATIC
PRESSURE
(PST)

197.2561
197.249%
197.24173
197.2443
197.2%2%
177.2585
197.2660
13T7. 2767
197.2837

MASS-FLCW
FUNCTICN
{LBP/SECH

O.
14.46256
28.92508
£3.38754
S$T.84998
T2.31242
86.77492
101.23749
115.70012

STATIC
TEFPERATURE
(DEG R)

2104.79
2104.51
210%8.30
2104.14
2104.0%
2103.99
2103.98
2104.01
2104.08

WD NV S WN -

MERICIONAL

VELOCITY
(FPS)

449.597
453.854
4564977
459,146
460.497
461.126
461,091
450,449
459,227

STREAMLINE

SLGPE
ANGLE
{0EG)

0,955
2.080
3.181
40262
5326
64378
T.413
.442
F.482

334.2882
334.3947
334,5062
334,6023
334,6836
334.7500
334,.8008
334.8355
334.0523

2376.83
2376.83
2376.83
2376.8)
2376.83
2376.83
2376.83
2376.83
2376.83

*¢ STAGE EXIT

AX AL
VELOCITY
(FPS)

~49.535
4534555
©56.2713
457,876
458,509
4584274
457,237
455,460
452,978

STREAML INE
CURVATURE
({PER IN)

0.00000
C.00000
0.00C00
0.00000
0.CC000
0.0GC00
0.00000
0.00c00
0.0cCC0

se STAGE

STATQR
PRESSURE

WHIRL
VELOCITY
{FPS)

34,608
36.512
38.404
40.313
42,218
4%.138
46,0856
48.C39
50.024

BLADE
VELOQCITY
{FPS}

1324.181
1363.504
1362.411
1380.971
1299.239
1417.263
1435.084
1452.740
147C. 265

258.9514
26002444
261.5364
2€2.8269
264.1203
26544176
2¢66. 7194
268.C315
269.3%30

ABSCLLTE
VELOCITY
1FPS)

45C.927
4%5.321
45€.588
46C.912
462.428
463.23)3
463,389
462,548
461.543

RELATIVE
VELOCITY
LFPS)

126%5.700
1383.550
140C. 651
1417.103
1433,€25
1448.485
1463.530
1478.242
1492.640

1 PERFORMANCE eo#

ROTOR
PRESSURF

STATOR

2236468
2239.13
2241.59
2244.07
2246456
2249.08
2251462
2254419
2256.81

ABSOLUTE
RACH
NUMBER

020639
0.20P42
0.20993
0.2110C
0.21170
0. 21207
0.21214
0.21194
0.21147

RELATIVE
MACH
NUMBER

Q. 8251¢C
0463331
0.64117
0.64872
0. 65603
0.66311
0.67C00
0.67673
0.68331

ROTOR

ABSCLLTE
TCTAL

PRESSURE
(£33 8]

202.8664
202.9714
203,0%31
203, 1143
203.1579
203.1851
203.1968
203.1943
203.1774

RELATIVE
TOTAL

PRESSURE
(est)

253.3708
294.9938
256.%5801
258.1346
259.66%8
261,185
26246698
264.1514
265.6213

ROT08

ABSQOLUTE
TOTAL
TEMPER ATURE
(DEG R)

2t19.19
2119.19
2119.19
2119.19
2119.19
2119.19
2119.19
21t9.19
2119.19

RELATIVE
TOYAL
TEPPERATURE
{DEG R)

2236.08
2240.07
2243.23
2286,36
2249. 40
2252.58
2253%.87
72%8.176
2261.806

STAGE

ABSOLUTE
FLOW
ANGLE
(DEG)
4,402

4,602
4.011

RELATIVE
FLON

ANGLE
{DEG)

=T7C.782

=70.862
=70.983

~72.310

o> Sose 5 oo

> Spbo e S0 »



STREAKLINF STATOR
NUMHER AFACTICN

0.26%37
0.2R826
0429114
0429402
0.29691
0029983
030276
0.30574
0.,30877

P RVE. RO SR Y

STREAMLINE RALLAL

ROTOR
REACTICN

0034295
0.33127
0.32114
0031242
030500
0429879
0429369
0428964
0.28853

BLADE ROW

BLADE RCW

fSENTRCPIC

ISENTRAPIC

0SS
COFFFIC!EN' CDEFFICIEMT EFFICIENCY EFFICIENCY EFFICIENCY EFFICIERCY

0.€9901
0.09921
0.09956
0.10C08
0.10C78
0.10t67
0.10278
0.10413
0.10577

0.10320
€.10030
0.09791
0609593
0.C9426
C.09285
0.091¢%
0.09060
CeCB8969

0e524C6
0.52366
€.92316
0.92254
G.92181
Ce52C94
C.91991
c.91em
Ce91731

® MASS-AVERAGED QUANTITIES ®

STATOR BLACE-ROW EFFICIENCY o

RCTAR BLADE-ROM EFFTCIENCY

STAGE WORK
STAGE TOTAL EFFICIENCY
SVAGE STATIC EFFICIENCY

STAGE BLADE- TO JET-SPEEC RATID

0492143
Ce93¢€13

0.93062
0.9326C
0s93421
0.93554
0493665
0.93758
0093836
0.93902
0, 9358¢C

73,427 BTL PER LBF

Cs91R065
0.87293
0,67313

8 STATOR 2 KIXED AND/CR COOLED QUANTITIES #¢

VASS=FLOW NERIDIONAL

STREAML INE

NUMBER

OB RPN

ABSNLUTE
TOTAL

PRESSLRE
tasI)

203.1119
2¢3.1119
2€3.1119
203.1119
203.1119
2€3.1119
203.1119
20341119
203.1119

ABSOLLYE
TOTAL
TEKPER ATURE
(DEG R)

21C8.17
21C8.17
21CR.17
2108417
21€8.47
2108.17
21C8.17
2108.17
21C8,17

*$ STATOR EXIT ~ ROTOR (NLET 2 o%

Axgar

WHIAL

ABSOLLTE

48SCLUTE
HACH

0.,95105
0.95129
0.95142
0.95145
0.95139
0.95128
0e95111
0. 95090
095066

ABSGLUTE
TETAL

0,9012%8
0.90442
0.90507
0.90558
0.90591
0.90513
0.90622
0.90620
0.90807

ABSOLUTE
TOTAL

ABSOLUTE o

fFLow
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NUMBER

STREAKL INE
NUMBER

80

CDNPVS W~

OCDNPVE WA -

PLSITICH
(1IN

14,0750
1403271
le 5611
14.7948
15.021¢
15.2374
1544470
15.6510
15.8%00

STATIC
PRESSUHS
(PS1)

139.1586
140. 7741
142.251¢
143,6112
144, 8746
146.9512
147,1550
148.1926
149.1718

FUNCTION
(LBM/SEC)

0.
14. 68757
29.37514
44,06272
98.75029
73.43786
A8.12544
102.R1301
117.50059

STATIC
TEMPERATURE
(DEG R)

1936.19
1940.84
1945.11
1949.04
1952.69
1956.08
1959.26
1962.23
1965.0¢

VELOCITY
{FPS)

476.872
488,292
497.831
50%.920
512.943
519.137
524,630
527. 714
534,223

STREAKL [NE
SLOPE
ANGLE
(GEG)

0.95%
2.163
3.316
4,624
5.492
60526
Te531
8.508
9462

STREAMLINC
NUMBER

ODR~NC AP WA -

YFLOCYTY
(FPS)

476.806
487,944
456.997
5044413
510.589
515773
5204264
523.884
526.95%

STREAML INE
CURVATURE
(PER 1N)

=-0.€0000
-0.00C00
-0.00C00
-~0.00000
-0.00000
-0.,00000
-0.00000
-0.00000
-0.00000

VELOC1TY
(FPS)

1483.6C0
1457.514
1433.421
1411.054
1390.(99
137C.426
1351,.822
1334,196
1317.460

BLADE
VELOCITY
(FPS}

1326.537
1350.296
1372.97%
1394.751
1415.7157
143£.C95
1455,044
1475.C70
1493.827

VELOCITY
{FPS)

1558.357
1537.132
1517.409
1499.009
1481, 17
146%.459
145C. 077
1435, 505
1421,.652

RELATIVE
VELOCITY
Fpe)

502.072
499.925
501.487
506.183
513.585
$23.274
534.502
548,126
582,582

NUMBER

0.74368
0.7328¢
0.72248
C.71300
0.70412
C. 69579
0.63792
0.68049
0.567143

RELATIVE
MACH
NUMBER

0.2356C
0.23829
0.23877
0.24C76
0424406
04 24R45
0.25376
0.25984
0. 26850

ROTOR 2 MIXED AND/OR COOCLED CUANTITIES o¢

ABSOLUTE
TOTAL

PRESSURE
{PS1)

197.4819
197.8119
198.0904
198.3302
198.5413
19847293
198.8995
199,054 7
199.1970

ABSCLUTE
TOTAL
TEMPERATURE
IDEG R)

2108417
2108.17
21C8.17
2108.17
2108.17
2108.17
2108.17
2108.17
2108.17

RELAYIVE
TCTAL

PRESSLRE
(pst)

144.5123
146.1301
147.6€58
143.1908
150.6606
152, 0991
153.5164
154.9145
15602959

o8 STAGE EXIT 2 o®

RELATIVE
TOTAL
TEMPERATURE
(DEG R)

1954.04
1958.54
1962.92
1967.18
1971.37
1975.47
1979.32
1983.51
1987.43

PRESSLRE
(pst1)

197.4R19
197.8119
198.05C4
198.3302
198.5413
198, 7293
198.8995
199.0547
199.19170

RELATIVE
TOTAL

PRESSURE
(PST}

144.5123
146.12300
147.6857
149.1908
150.6606
152.0991
153.5163
154.9149%
156.,29%8

TEMPERATURE
(0EG R)

2108. 17
2108.17
2108.17
2108.17
2106.17
2108.17
2108.17
210R. 17
2108.17

RELATIVE
TOTAL
TEMPERATURE
(DEG &)

1954.04
1950, 34
1962.92
1967.108
1971.37
1973.47
1979.52
1983.51
1987.45

ANGLE
(CEG)

712.183
T1.491
7C.078
70.329
69.632
69. 376
68.9%4
68,562
88.200

RELATIVE
FLOW
ANGLE
(DEG)

18.232
12.393
6e934
1.8%1
-2.877
=T.2%6
-11.309
~1%5.051
-18.50%

s OSOOS®
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STREA ML INE
Yy

O DNP NS W N

STREAHLINE
KUMBER

ODNOCNF WA -

vaDnt AL
pesIriny
[11]

144 210001)
L4 3905
14. 6668
14.93C7
1% 1835
15.4262
15 6%9%
1%.8838
16.1000

STATIC
PRESSURE
(127 8]

10%.95¢C1
1054707
105 7542
105.6011
105.4110
105.1833
1049177
10446134
104.2701

STREAFLINE

NUMRFR

O DO NS

PASS-FLCW
FUNCTICN
(LOF/SFC)

0O

14, 6R755
29.37511
46,06267
5R.75024
73. 413781
Hi. 12638
102.81296
117.50055

STATIC
TEMPERATURE
{OEG R)

1818.87
1817.55
1816426
1814.92
1813.52
1812.00
1810636
1808.57
1806.63

STATUR
REACTICN

0,28936
0429621
0.30222
0.30748
0.317209
0.31610
0.31956
0032250
0,32493

MERIDTAONAL

VELOGITY
{FPSY

S0R.A2T
5264513
663,332
5604063
577.229
595.118
613.905
633.678
654 467

STREAKLINE

SLOPE
ANGLE
(DEG)

1.241
3.230
S5e121
6.9278
B.658
10.319
11.915
13.452
14.931

_ ROTOR
REACTIEN

0436805
0435777
0.35C96
0. 34688
0434497
0434479
0.345948
0.34821
0.35121

AX IAL
VELBCITY
(FPS)

50A8.107
5254677
541.163
555.975
570.651
5854493
6C0.677
6164294
632.369

STREAKL INE
CURVATURE
{PER IN)

0.00666
0.02317
0.03886
0.05385
0.06821
C.CR200
0.09525
0.1C800
0.12028

STATCR
PRESSURE

0.C96%3
0.09292
0.08993
0.08739
C.CRS17
0.08119
0.08141
0.07977

ABSOLUTE ABSOLUTE ABSOLUTE
WHIRL ABSCLUTE MACH TCTAL . T0TAL
VELOCITY VELOCITY NUMBER PRESSURE  TENPERATURE
(FPS) {FPS) (PST} (DEG R)
63.20% $12. 737 Qe25142 11044020 1837.68
81.548 530.145% 0.2600% 110.7208 1837.96
600763 566.719 0.26828 110.9159 1837.96
59.702 5634236 027649 111.0816 1837.96
SR.£89 5804204 0.28693 111.22786 1837.96
5T.779 $97.917 0.29375 111. 3600 1837.96
56.906 6164537 0.30303 111.4835 1837.96
56.095 6364156 0.31283 111.6009 1837.56
5541358 6564803 C.32316 111.7143 1837.96
RELATIVE RELATIVE RELATIVE
BLADE RELATIVE HACH TCTAL TOTAL
VELOCITY VELCCITY NUFBER PRESSURE TEFPERATURE
tFPS} {FPS} {PST} (DEG R}
1328.893 1364.137 0.66891 141.2367 1954.01
13564276 1397. 2320 0.68543 143.0688 1959.33%
1382.315 1428.0884 0.70117 144.8778 1964.53
1407.187 1459.262 0.71633 146.5918 1969+ 56
1431.C13 1488.779 0.73111 148,2592 1974.48
1453.882 1517.652 0.T4560 149.885C 1979.27
1475.863 1546.C64 €+75990 151.4793 1993.95
1497.C1% 1574.103 0. 77407 153.0441 1988.51
1517.389 1601.830 0.78812 154.5814 1992.97
&% STAGE 2 PERFORMANCE »¢
ROTGR
PRESSURF STATCR ROTAR RCICR STAGE
Lo LOSS BLACE ROW  BLADE RCW ISFNTRCPIC ISENTRCPIC
COEFFIC!ENT COEFFICIENT EFFICIENCY EFFICIENCY EFFICTEACY EFFICIENCY
C.L66% 0.92¢€78 0.94030 0.96207 C.o1786
C.09088 C.93C82 0.94413 0.96282 0.91996
G.0RE21 C.53251 0. 94722 0.96337 0.92188
C.08222 0.53394 0.9498¢ 0.961380 0.92356
0,£7886 0.$3519 0.9%5222 0.96619 0.92513
c.07540 Qe§3631 0.95641 Q. 96457 0.92684
C.07232 0.93733 0695649 0.96496 0.92814
0.06937 G.93826 0.9%050 0,96538 0.92967
8.C06651 04913514 Ce 96046 0.96583 0.9312%

0.07826

® MASS-AVERAGED QUANTTTIES e

ABSOLUTE
FLOW
ANGLE
{DEG)

7.083
6.721
6.406
6.129
5.872
“5.636
Se412
5.201
5,003

RELATIVE
FLOW
ANGLE
(DEG)

~684104
~67.896
-67.731
=67.57T%
-67.421
=67.248
~67.038
-664843
-864610

*
[ )

Soesr Ses »
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STATOR SLALE-RON EFFICIENLY =
ROTOR BLADE-ROW EFFICIENCY =

STAGE WORK

STAGE TOTAL EFFICIENCY

STAGE STATIC EFFICIENCY

STAGE BLADE- TQ JET-SPEED RATIO

063479
0.9316%

15.253 BTL PER L8N
0693901
0.86727
0.67833



ses SPCOL | PERFORMANCE SLMMARY {MASS—AVERAGED CUANTITIES) s¢e

STAGE
STATOR ROTOR STAGE . STAGE BLADE~- TQ
STAGE BLADE-ROMW  BLACE-RON STAGE TCTAL STATIC JET-SPEED
NUMBER EFFICIENCY EFFICIENCY WORK EFFICIENCY EFFICIENCY RATIC
teru/LEYY
1 Ge92143 0.93613 T73.427 0.51865 0.87293 0467313
2 0493879 0495165 75253 0.93931 Ge06727 0.676%3
SPOOL WORK =  148.&79 BIU PER LBN
SPOOL POWER = 24%30.00 HP
SPOOL TCTAL~ TO TGVAL-PRESSURE RATIO = 3,07552
$POOL TOTAL- TC STATIC-PRESSURE RATIO =  3,25142
SPOOL TOTAL EFFICIENCY e  0,93514
-SPOOL STATIC EFFICIENCY »  0,89770
SPCGL BLADE~ TO JET~SPEED RATID = (,48293

83
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*%es INPUT DATA FGR SPOOL 2 se®

¢ DESIGN REQUIREMENTS o»

ROTATIVE SPEED = 4646.0 RPR
POWER OUTPUT = 11209.30 HP

#& ANALYSIS VARTABLES ¢+

NUMBER OF STAGES = 3

® POWER-GUTPUT SPLIT o

FRACTICN OF
STAGE NUMBER SPOOL PCWER NLTIPLY

1 C.3CS1C
2 0.333CC
3 €.3579C

® SPECIFIC-HEAT SPECIFICATION ©

CESIGN STATION NUMBER SPECIFIC HEAT
{BTU/LBM DEG R)

€.275CC
€.27500
€.27200
Q.2730C
c.2710C
€.27100
€. 26800

NS WA -

® ANNULUS SPECIFICATION o

STATICN NUMPER AX IAL POSITION HUB RADIUS
tiNg tIN)
1 7.5000 14.075¢C
2 9.0000 14.1C00

CASING RADIUS
i)

15.8300
16.1000



3 1¢, ¥000 14,140C 1646500
[ 12,0000 14,120C 1T.2C00
5 13.5000 14,2200 17.7500
6 15.0000 14.2600° 18.3000
[ 16,5000 14.3¢0C 18.850C
a 18.0000 144340C 19.4000
L] 19.5000 14,3800 19.9500
® COOLANT SCHFOULE
FRACTION OF TOTAL
ALADE ROW RURRER INLFV MASS FLON  TEMPERATULRE
(DEG R)
1 Qo 0.
2 Os 0.
3 0. Q.
4 [+ 1Y 0.
5 C, 0
] Oe [
o MIXTNG COEFFICLIENTIS ©
SYREAN). INE BLANE BLADE BLADE BLADE BLADF ALADS
WIMAFR ACKH 0¥ L1} ] oW A0w {11}
3 4 ] L}
1 1.00000 Oe t.c00C0 Oe 1.0€000 0.
2 1.0C000 Q. L.Q¢0ce Q. 1.00000 Q.
3 1.,0C000 0. 1.0CCCC 0. 1.000C0 0.
4 1.0C000 0. 1.00000 Ce 1.000C0 0.
5 1.0C000 0. l.ccOCO Ce 1.000c0 0.
6 1.0¢000 0. . l.aoa0co Q. 1.00000 ‘O
7 1,00000 0. 1.0c4C0 C. 1.00000 0.
8 1.0C000 Q. 1.00000 0. 1.000C0 0.
9 1.0C000 O. 1.0c0C0 Q. 1.00000 0.

¢ BLADE-RQW EXTT CONOLYICNS o

RADEAL wWHIRL
STATOR 1 PCSITION VELOCITY
{IN) (FPS}
14.1400 763.16C
14,7675 T729.46C
15.395¢C 728.50C
16,0225 659.97¢C
16.65G0 613,890
NONOIMENSIONAL

STREAML INE PCHER QUTPUT
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ROTOR 1} HURBER

VO WVS WN

RACIAL
STATOR 2 PCSITION
tm

14.22CC
15.1025
15.9850
18.867%
17.7500

STREAMLINE
ROTCR 2 NUNMBER

Do~ RPN~

RADIAL
STATOR 3 PCSITION
{in}

14.30CC
15.437%
16.5750
17.712%
18.85C¢

STREAMLINE
RATOR 3 NUMGER

BN WESWN -

FLNCTICN

C.

C.125CC
C.250CC
€.375C0
C.500C0
C.e25C0
C.150CC
C.87500
1.co0000

RHIRL
VELCCITY
{FPS)

845,010
168.70C
757.900
121.73¢C
689,500

NONDIMENSTCNAL
PONER CUTPUT
FUNCTICN

<.

€.12500
€.250¢0
0.375CC
c.scoco
€.625¢CC
0.750C0
c.e15CC
1.€C000

WHIRL
VELCCLTY
{FPS)

9C0.00¢C
227.5CC
784.20C
738.320
658.51C

NONDIMENS JONAL
PCYER CUTPUTY
FUNCTICN

C.

C.125CC
€.25000
€. 375C0
c.500CC
C.¢25C0
C.750C0
0.875CC



9 1.C00¢C

®,BASIC INTERNAL LOSS CORRELATICN o

TANCLHLET ANGLE) + TAN(EXIT ANGLE} (0.02999999 ¢ Q.15725499 * (Vv RATIQI®® 3,40)
OT [MES®

1. 00000000 ¢ O. * COSCEXIT ANGLE) 10,0430CC00 & DOYILVCOC 2 (LY RATIOI-0.300))

fHE PRESSURE-LOSS COEFF ICTENT COMPUTED IN THIS PANMER PAY NOT EXCEED A LIMIT OF

1F (V RATIO) LY. 0.30000G00 &
1F (V RATIO) «GTe 0-35000CC00

2.00000C00
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STRCAMLINE
“U~BER

STREAML INE
NUHHER

88

LN A S L

OX P NP W=

RADTAL
PUSITION
{IN)

14.1000
14.,39C
t14.00048
14.9307
19%1813
1954262
1Y. 654
15. 8838
t6.1000

STATIC
PRESSURL
{ese)

10%. 9501
1US.ATO7
10%. 1542
1C5.6011
1%, 4110
lu%.1833
106,977
104.61 3%
1042701

MASS-TLOW
FURCTICN
(LAF/SEC)

0.
14.6875%
29.371511
44,086267
S8. 75024
73.43781
£R. 12538

102.81298
117.%0055

STATIC

TEMPFRATURE

(OFG R)

1813,.87
1817.55
1816.26
1814.92
1813.92
1812.00
1810.36
1808.57
1806403

*es CUTPUT DF DESIGN ANALYSIS FOR SPCOL 2 oes

MERTCICAAL

VELOCITY
{FPS)

508,827
526.513
543.332
56C.063
577. 229
59%.118
613.9C5
633.6178
654,467

STREAMLINE

SLCPE
ANGLE
{CEG)

1.241
3.230
5.121
6,928
85658
10.319
11.915
13.452
14.931

sz STATCR INLFT | ¢

AXIAL
veLacITy
{FPS)

508,707
5254617
541.163
555,975
57C.651
585.493
600,677
616,296
632,369

STRTAMLINE
CURVATURE
{PER IN)

0.006606
C.02317
0.03886
0.05385
0.06821
0.€8200
0.,09%2%
0.10800
0.12028

®HIRL
VELCCITY
{FPS)

63.2C%
61.948
60.763
594702
%8.689
57.779
564906
56409%
55.358

ABSCLLTE
VELGCITY
tFPSY

512,737
53C. 145
S46.719
563,236
58C.204
597.917
616,937
83€.196
856.805

ABSOLUTE
MACH
NUMBER

0.25142
0.260C5
0.26R28
0276469
0.28493
0e29375
0.30303
0. 31203
0.32316

#5 STATOR 1 MIXED AND/OR CNOLED QLANTITIES so

STREAML IRE
KUMBER

ABSOLUTE
TOTAL

PRESSLURE
tPSI)

111. 1861

ABSCLLIE
TETAL
TEMPERATURE
(DEG R)

1027.98

ABSCLUTE
TetaL

PRESSURE
(PS1)

110.4920
110.7208
110.9159
i11t.0816
111.227¢
11l.3¢800
111.4815
111.6009
t11.7143

ABSOLUTE
TOTAL
TEMPERATURE
(0EG R)

1837.96
1837.96
1837.96
1837.98
1837.96
1837.98
1837.96
1837.9¢
1837.98

ABSOLUTE
FLOW
ANGLE
(DEG)

T.08)
s.721

o0 PN & PO



STREVHLINE
NWMOER

SR OP PV

STREAKLINE
NUMBER

DI T AL W N

RADIAL
pastricy
()

1441400
1404712
1447951
15.113L
1% 4262
157359
160420
1643465
16.6500

S$TATIC
PRESSURE
(sl

99,7771
Jo.7 300
Ve 64 1%
27,0378
21.3921
3 1290
R, N4 EY
IRe 34113
44,6398

MASS-FLCW
FUNCTICN
(LBH/SEC)

[
14,6875
29.371510
44.062617
5875022
13.43779
88.12538
102.81299
117.50062

STATIC
TEMPLRATURE
(DEG R}

1774.98
1777.03
117902
1730.82
17R2.51
1748410
178562
t17r7.0A8
L7684

PERIDICRAL
VELCCUTY
{FPS}

483.076
4B7.427
4B6.760
485.912
A484.809
483,397
481.651
4794535
476.960

STREAMLINE
SLOPE
ANGLE
(DEG)

1.528
3.982
6,334
B.T42
11.064
13,357
15.5628
17.404
204130

OBNOTIrWN

1ll.1e61
111.1861
111.1881
11.1861
111.1861
11,1861
111. 1881
111.1861

1827.96
1837. 96
1827.96
1837.96
1827.96
1837.96
1827.98
1827.96

e STATOR EXIT - RCTOR INLET 1 *%

AX 1AL
VELOCLTY
{FPS}

487.903
4Bb.252
483.742
480,267
4754798
470.322
463,844
4564359
447.806

STREAML INE
CURVATYRE
(PER IN}

=Ce

-Q.000a0
-0.00000
~0.00000
-Q.0000Q
-0.00000
-0.00000
~0.00000
«=0+00000

NHIRL
VELOCITY
{FPS)

793.160
F15.038
158.CAL
142.107
727.022
7112.750
699,119
686.C82
873.590

BLADE
VELOCIYY
(FPS)

573.292
5864116
599.852
6126748
6254442
637.982
650 .405
6624751
675,057

ABSOLUTE
VELOCITY
(FPS}

93l.301
91%.570
90C. 867
€at.Ca?
873.842
861.212
842.973
837.056
825,357

RELATIVE
VELLCTTY
tFPS}

535,313
522.543
511.820
502,837
495.336
489,145
484,108
48C. 102
4764962

ABSCLUTE
MACH
NUFBER

Q. 46228
e 45420
0.454867
Q43959
0. 43284
0,42640
C.42C16
0.41409
C.40814

RELATIVE
KACH
NUMBER

0.26572
8.25923
Qe 25377
D,24919
0.24536
0. 24218
0,233%9
0.,29151
0,23%88

¢ ROTOR 1 MIXEC AND/CR COQLED QUANTITIES ¢

STREAMLINE
HUSRER

ABSOLUTE
TaTaL
PRESSURE

ABSOLUTE
TOTAL

RELATIVE
TCTAL

¢]
TEMNPERATURE PRESSURE

RELATIVE
TOTAL
TEMPERATURE

ARSOLLTE
TQrAL

PRESSURE
PSS}

110.1556
110.1%0%
110.1453
110.1378
11C.1271
110.1126
110.0950
110.0712
110.0437

RELATIVE
1avaL

PRESSURE
(PST}

100.3614
100.61CL
100.8602
101.1087
1013569
101.6032
1C1.8498
10240938
10238108

ARSOLYTE
TaraL
TEFPERATURE
(CEG R)

1837.56
1837.96
1837.96
1837.96
1837.496
1837.96
1837.96
1837.96
1837.96

RELATIVE
T0TAL
TEMPERATURE
{DEG R}

1795.79
1796 .92
1798.C5
1799. 18
1800433
1801.48
1802.44
1803.82
180%.01

ABSOLUTE
FLON
ANGLE
(DEGY

$8.403
57.89%
57.456
57.090
584797
56.580
Sba 437
564349
s8.384

RELATIVE
FLOW
ANGLE
(DEGY

24.258
2l.171
18.108
15.07%
12.080
9.033
5.99%
2,920
«0.188

akhee ose 5 B
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STREAMLINE
NUMBER

ATR{AML (KE
NUMBER

90

R e

QAP L L aN~

WADS AL
PUSITION
1INy

14,1000
16,5487
16,9828
1%.3670
156 1432
16.1129
16,4714
16, A8)
t1.26C0

STATiC
PRESSURE
(Pst)

89,0822
#9.0407
%9, 077
69,0798
49,0806
£9.0822
49,0845
39.041%
B9.0913

NASS-FLOW
FUNCTICN
(Larssecs

o,
16.,68755
29, 31511
44, 06246
48,175022
13.43177
88.125%%

102, 81296
11?7.50060

STATIC
TEMPERATURE
{DEG R}

1748.24
1748.07
1767.95
t747.88
1747.86
1747.88
1teT.95
1te8.04
(748,26

BBELADPPpuNr

HWERTO{ONAL
YELOCITY
tFPS)

814,072
419.676
%22.402
426,271
425.288
425.477
424,858
423,433
21173

STRESHLINE
SLOPE
ANGLE
tDEGE

528
4,040
6.473
84842
11,160
13.438
15.467
17.917
q.136

tPS1)

110.1558
110.1505
110. 1453
10,3278
to.1271
110.112¢
110.0940
tienri2
110.0437

(DEG R}

1837.98
1837.96
1837.%
1837.96
1837.96
1837.98
1837.94
1837.396
18)7. 94

oo STAGE EXIY

axfar
VELOCTIYY
tFPS )

415,924
418.633
%19.70%
“19.229
arz.2417
413.82%
§09.033
402,899
395,435

STREAMLINE
CURVATURE
{PER TN}

D.LOGOY
0.00000
D.00000
0.030000
0.00000
~8.808000
~0.00000
=0.00000
~0,80000

wHiRL
VELCCITY
(FPS)

~-116.691
=113.406
=110.,64D
~ 107660
~10%.109
“102¢79
-100.420
=9R.278
~-98,203

BLAGE
VELOC!TY
(FP51

374,910
5914443
807.458
6234041
638,291
€%3.28¢8
668,080
682,751
€37,357

({2331

1CC. 3618
1CD.4101
10¢,8¢02
1C1.1€87
1C1.3269
1€1.8032
01,8498
31C2.049%8
1C2.34)0

ABSCLLTE
VELLCETY
tre st

432.126
434,728
436,601
43,717
438.885
437.89]
436,568
A38.588
432.€27

RELATEVE
VELOLITY
({141

80%. 114
8204331
B32.944
6644943
858,436
Ed7.272
ara.12)
885425
89084404

43 STAGE 1 PERFARMANCE ow

tDEG R)

179%.79
1798492
1748,0%
179918
1800.323
1801.48
1802. 84
1803,82
180%.01

ABSOLL3E
MACH
NUMBER

De21587
a.21718
0.21812
0.2106%
Q.21 007
B.2t267
0.21811
0.21710
ge21542

RELATIVE
HACH
NUNBER

0. 40%20
C.40382
0441613
Qe84 2214
C.4278%
C.43339
0.43870
Cooa354
C.%4080

ARSLELYy
L {4 7))
PRESSLRF
(3398

91.0242
919189
91,9430
91.9%81
91,9839
91.%9405
91.9478
91.92%8
9).8944

RELATIVE
10I61

PRESSLRE
{pst)

99.191%
99.4947
99.5333
100.1598
100,787
tao. ress
101.054T7
101, 3945
tot.ha9¢

AESQLUTE
TovsL
FEWPERSTURE
(UEG @)

1761 .90
1761.90
1761.90
176 1.90
176190
1761.%0
1761.90
1761.90
1761.90

RELAT IVE
favaL
TEPPERA TURE
(0EG A

179%.89
17197,30
1798, 71
1800418
1801 ,%2
1822493
1804,38
180%.82
1607.29

ABSQLYUTE
FLOW
ANGLE
tDEGY

~1%9.612
-15. 197
~14,742
14,403
-14.13%
~13.933%
=13, 194
~12, 700
~12.67¢

RELATIVE
FLOK
ANGLE
({2144}

~58.910
~39,293
~59.400
~60,1%6
~860.69%
~51.303
~631.97%
~82.71%
~63.31)

&9 LsoOo O DOD



STRFAHKLINE
NUMPER

OB T S w N~

STATGR
REACTICN

0e550%h
057903
060688
0.63496
0.66397
0e09427
0.72621
0.75999
0.79578

RCTCR
REACTICN

0.66324
0.£3699
O.61447
0.59511
0.57836
0.561388
0.55130
0.54040
0.53090

STATCR ROTOR
PRESSURE PRESSURF STATCR ROTCR RCTCR STAGE
LOSS LCsSS BLACE RQOW BLADE RCw ISENTRCPIC 1ISEKRTRCPIC
COEFFICTENT COEFFICTIFNT EFFICIENCY EFFICIFALY EFFICIENCY EFFICIENCY
0.C7167 0.12317 C.93867 0.90112 0.93292 0.91820
C.07439 Cell1561 C.53631 0.930683 0.93694 0.909%8
c.07711 0.1094% €.93398 0.91154 0.93651 0.90249
007999 010446 0,93152 0.91538 0.93769 0.89629
0.08315 0.10C43 C.52€8% 0.91 848 0493851 C.89054
C.0R668 €.Ca726 C.52591 0492095 0.93899% G.88436
0.09064 0.09483 C.9226% 0.92284 0.93914 0.87937
0.09510 0+09308 0.91901 Qe 92421 0.93898 0.873686
0.10014 0.0919% C.51495 0,925%10 0.93851 C.B8773

8 MASS-AVERAGED QUANTITIES o

STATOR BLACE-ROW EFFICIENCY

ROTOR BLADE-ROW EFFICIERCY

STACE WCRX

STAGE TOTAL EFFJCIENCY
STAGE STATIC EFFICIENCY
STAGE BLADE- TO JET-SPEED RATIN

0.52¢€13

C.91¢087

20,€42 BTU PER L@M

C.29C98
Ce76712
0.%4124

#% STATOR 2 MIXED AND/QR COOLED QUAKTITIES o¢

STREAMLINE

NUHBER

Lo N RV RNy g

ABSOLUTF
TOTAL

PRESSURE
tPST)

91.9385
51.92085
91.938%
91.938%
91.9385%
91.938%
91.9138%
91.9385%
91.9388%

ABSCLLTE
TOTAL
TERPERBTURE
(DEG R)

17€1.90
1761.90
1761.90
1761.90
17€1.90
1761.90
1761.90
1761.90
1761.90

¢ STATOR EXIT = RCTOR INLET 2 8o
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ABSCLUTE ABSCLUTE ABSOLUTE ABSOLUTE

STREAMLINE RADTAL PASS-FLM%  MERTDIGNAL AX AL WHIRL ABSCLLIE MACH TCTAL TOT AL FLOW
NUMBFR PCSETILN FUNCTINON VELUCITY VELCCITY VELOCI TY VELCCITY MUMAFR PRESSLRE TEMPERATURE ANGLE
{iN) (LBM/SEL) {FPS) {FPS) LEPS) (FPS) (Ps1) {DEG R) {DEG)

1 L4, c200 0. 384.098 383.961 845.C10 928,210 C. 47038 90.7218 1761.90 85,964

2 14. 7045 16.58758 385.259 384.282 818.5C4 $05.C02 0.45820 90.7816 1761.90 64,861

3 15,1713 29.31751S JBS.814 3683.302 795%.221 £83,962 0.44719 90.8301 1761.90 64,260

4 15.6238 44.06274 389.683 381.010 774.038 864,804 0.43718 90.8690 1761490 63.792

3 16.0644 58.7%032 385.234 377.828 754.438 867,102 0. 42795 90.9039 1761.90 63,398

6 1644963 73.43789 3844557 373.891 T36.461 eac.e21 0.41948 90,9150 1761.90 63,004

1 16.92€0 AR, 12546 383,730 369.303 719.711 £15.609 G.41158 90.9632 1761.90 62.838%

8 17. 331 102.81302 387.712 3644117 106.076 801,397 0. 40421 90,9890 176190 82.6%4

9 17. 7500 117.50059 381.529 358.209 ¢89.500 788.C20 0. 39728 91,0123 1761.90 62.547

STREAML INE RELATIVE RELATIVE RELATIVE RELATIVE
STREAMLINE STATIC STATIC SLOPE STREAML INE BLADE RELATIVE MACH TOTAL ToraL FLOW
NUMKE R PRESSYRE TEMPERATURE ANGLE CURVATURE VELOCITY VELCCITY NUMBER PRESSURE YENPERATURE ANGLE
(LA B (DEG R} {CEG) (PER IN) {FPS) {FPS) {PSI) {DEG R} {DEG)

1 1H.4722 1698.87 1.528 =C.C0000 576,935 468,625 0.23748 8l.44690 1714.94 34.962

2 19.0933 1701.98 4,082 -0.00000 59€.179 445,007 €.22531 81.8134 1716447 30.09%

3} 19.6516 1704, 74 6.542 -0.C0000 615.1C5 42%.029 0.21542 82,1484 1718.00 25. 181

4 80,1428 1707.19 8.928 =0.CC000 833,453 41€.507 0.20752 82.41721 irio. 92 2C.2%)

H] ¥0.5890 1709.40 11.253 -0.00000 651,332 39A,793 0.20147 B2.795%3 1721.C4 15,264

6 £0.9925 1711.40 13,527 9.00000 €68,828 390,462 Ce19718 83,1147 17122.96 10.2%

4 81.3638 1713.24 15,761 0.00C00 ¢8€.C05 38%.206 0.19439 83.43%8 1724.09 %.213

8 8147051 1714.92 17.962 0.00000 702.930 302.774 0.19307 83,7578 172%. 463 0.180

9 82. 0216 1716447 20.1386 0.00000 719.4856 382.719 0.1929% 84,0793 1727.19 -4, 012

*% ROTOR 2 MIXED ANOD/OR COOLEQ QUANTITIES ¢e

ABSCLUTE ABSOLUTE RELATIVE RELATIVE

STREAMLINE T07AL TOTAL TCTAL TOTAL
KUMBER PRESSURE TEMPERATURE PRESSLRE TEPPERATURE

(PS1) {DEG R) (P51} (DEG R}
i 90.7218 1761.90 e1.4890 1714,94
2 90.7016 1761.90 81.8134 1716, 47
3 90.81701 1761.90 8241484 1718.00
4 9048690 1761.90 e2.4722 1719.52
5 90.9039 1761.90 82,7953 1721.04
6 9049350 1761.90 83.1148 1722.56
14 90.9632 1761.90 B83.43%3 1726409
8 90.9890 1761.90 83,7575 172%5.63
9 91.0123 1761.90 84.0795% 1727.19

®& STAGE EXIT 2 o»
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STRFAMI INF
HUMIFR

DI DN -

STREANLINE
KU»HER

ODDNE NP WA -

HADIAL
PLSTTION
(my

L4.26C0
14.Hk4Y
15,4492
159740
Lo.s711
109431
17.4097
17.485%
19.3000

STATIC
PRESSURE
(psy)

12,4576
12.4387
72.4311
T24429R
12.4317
T12.4347
12.438%
12,4423
12,4462

STREAML INE

NUMHFR

DDNG NS N -

ABSOLLTE ARSOLLTE ABSOLUTE
MASS-FLCH MERICIONAL AXIAL WHIAL ABSCLLTE MACH TCTa mrat
FUNCTION vELactiry veLacriry VELOCITY VELCC1TY RUMBER PRESSURE TEFMPERATURE
(LRM/SEC) (FPS}) (FPS}) (FPS) (FPS) tesn) (OFG R)
Q. InN3.167 303.059 =-129.¢81 329.732 0.16826 T13.84C4 1679,.35
14.6R752 329.030 328.C58 =122.508 351.097 Q. 17922 T4,.0C85 1679.35
77.37503 3464112 343.%29 ~116.448 36%.177 Ce 1 8645 7441311 1679.3%
44.00254 358,242 353.409 -110.508 375.C18 0.1915¢C T4.2241 1679.35
5H. 15008 3664697 359,062 -105.95% 381.697 0.19493 74,2915 1679.35%
13. 43740 372.774 361.843 «101.250 388,282 C.19729 The 3405 1679.35%
PB.12%29 317.214 362.537 ~%06.942 389.471 0.19893 T4.3763 1679,13%
102.81297 180.463 361.622 ~92.847 391.628 0420004 T4.4021 1679.25
117.50070 382.796 359.398 ~R8.878 392.978 0.20C73 74,4198 1679.3%
STREBFLINE RELATIVE RELATIVF RELATIVE
STATIC SLOPE STREAML INE BLADE RELATIVE MACH TOTAL TOTAL
TEHPIR ATURE ANGLE CURVATURE VELCCITY VELCCITY NUMRER PRESSURF TFVYPERATURE
{DEG R) {DEG} (PER IN} (FPS) (FPS} {PsSI) {0EG R)
1671.34 1.528 0. 578.157 17C.C16 0439293 80,2393 1715.03
1670.27 44,408 Ce 603,493 797.C82 0.40687 A0.8C34 1717.09
1669.52 7.005 Q. 626.371 819.496 0.41840 81.2969 1719.€1
166R,99 9,422 O. €4T.649 838.897 0. 42838 8l.7427 1720.85%
1668.61 11.712 0. 667.80% £56.253 0.43729 82.1549 1722. ¢4
1608435 13.909 0. 687,142 £72.C88 GebbS41 R2.5411 1724,40
1668417 16.035 Ce 705.857 887.004 0¢ 45309 82.9)29 1726.15
1668.05 18.107 O. 124.C9 901.190 0446032 83,2136 1727.90
1667.97 20.13¢ Ce T741.95%8 914.776 0.46727 A3.6255 1729. ¢4
®% STAGE 2 PERFORMANCE s»
STATOR ROTOR
PRESSURE PRESSURE STATCR ROYCR ROTCR STACE
STATOR RCTOR Lnss Lass BLADE RQOW BLADE RCw [SENTRCPIC ([SENTROPIC
REACTION REACTION COEFFICIENT COEFFICIENT EFFICIENCY EFFICIENCY EFFICIEMCY EFFICIEMNCY
0.46555 C.60859 C.09933 Celb6134 CeS1741 0.873467 092641 C.871378
0.48036 Ces55830 €.09702 6.13532 0.61727 0. 89232 0.9335¢ C.88131
0469391 0.,51962 0.099106 0.11803 C.91684 0. 90526 0.93858 0.88685
0.50615 0.489134 0.09972 0.1058% C.91812 0.91472 0.94232 0.89124
0.51716 0, 46574 C.10030 C.C9722 0.51540 0.92125 0.94470 CeB9ALT
0.52682 046773 0.10093 €.09136 0e51467 0.92584 0.94615 0.89152
0.53526 0.43628 0.10160 0.08717 Ca 51394 092914 0.94693 0.900C8
0.54241 042474 0.10228 0.03418 0.91321 0.9315%2 0.94722 0.90250
0.54824 0.41837 0.10302 0.C8203 051244 0.93323 0.947104 0.90492

ABSOLUTE
FLOW

ANGLE
(DEG)

—23.1¢4
~20.477
~18.726
~17.423
=16.441
~15.634
-14.971
-14.400
=13.890

RELATIVE

FLOW
ANGLE
{DEG)

-66.822
-65.683
~65.191
-65.019
~65.106
~6%4347
~65.696
-66.123
-66+608

rONs Soe » e

ose

ForD> Ldss
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@ KASS-AVERAGED QUANTITIES ¢

STATCR ELACE-ROW EFFICIENCY = 0.91529

ROTOR BLAQE-ROW EFFICIENCY Ce51%542

STAGE WORK =
STAGE TOTAL EFFICIENCY = C.89286
STAGE STATIC EFFICIENCY »  0.8033%
STAGE BLADE~ 10 JET-SPEED RATIO = 0.5%eC2

22.453 BTL PER L8R

8¢ STATOR 3 MIXED ANC/OR COOLED CUANTITIES o

ABSOLLTE ABSOLLTE

STREANML INE TOTAL T0TAL
NUMBER PRESSURE TEFPERATURE

(rs1 {DEG R}
1 14,2380 1619.35
2 T4e2380 1679.35
E 74.2380 1679.35
& T74.2380 1679.35
5 74,2380 1679.35%
] T4.2380 1679435
7 74.2380 1679.35
8 T74.2380 1679.35
9 T4.2380 1679.3%

*® STATOR EXIT - ROTOR INLET 3 o

STe e AMLINE ravtaL MASS~FLOW NMERICIONAL AxtaL WHIRL ABSCLLTE
WYUFR PLSITICN FUNCTION VELOCITY VELOCITY VELOCITY VELOCITY
(1N} {LBN/SEC) {FPS) (FPS) (FPS) (FPS)

1 14,3000 0. 338.191 33g.cN 900.CCO 961.443

2 14.94R1 14,68757 342.570 341.659 863,262 9284749

) 155602 29.3751% 344,756 342,414 831.309 899.962

“ le. 1656 44.06273 345.055 360.735 803,446 874.408

k] 16.7111 58.75032 344,201 337.%22 178,319 851.072

L3 17.2611 73.43789 342,852 333,185 1554799 82%.528

L4 17.7991 R8.12546 340.921 327.978 735.01% 810.28%

L) 1843279 102.81303 338.8600 322.027 1164030 792.054

' 18.8%00 117.500%9 135,566 31%.09%5 698,510 T74.933

9k

ABSOLUTE
HUMBER

0. 49968
0.48201
046651
0.45279
0.44031
0.42902
O.41856
0440888
C.39980

ABSCLLTE
TOTAL

PRESSURE
({238}

73.101C
73.1960
73.2623
73.3119
73.3514
73.3830
T3.4C90
73.4302
T3.4462

ABSOLUTE
TOTAL
TEMPERATURE
(DEG R)

1679.33
1679.35
1679.3%
1679.3%
1679.33
1679.35
1619.3%
1679.33
1679.33

ABSOLUTE
FLOW
ANGLE
{OEG)

69.412
66.4C7
67.613
61,019
66.536
664210
65.9%
65.78%
03.723

> POSDO o SO
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STREAMLINE RELATIVE RELATIVE RELAT IVE RELATIVE §
TOTA FLON

SIRFAMLINF STATIL STATIC SLOPE STREAML INE BLADE RELATIVE MACH TOTAL L
NUHaLR PRESSUY TeHPI RATURF ANGLE CURVATURE VELOCTTY VELOCITY KUMBER PRESSURE TEFPERATURE ANGLE o
[LATR] HFG R) (CEG) {PER IN} (FPS) {FPS) (PST) (CEG R) (DEG) o
1 62400 51 1611.23 1.528 0. 579.779 465.741 0424205 64,5334 1627.21 43,447 &
4 h2.H41% 1615.78 “.178 0.00000 606.C56 428.379 0.22232 64,9453 1629.31 36,973 &
) h3.6915 1619.066 6.681 €.00n00 63C.872 39e.788 0.20672 65.3331 1631.38 30. 343
4 640603 1623.00 9.076 0.00000 654,609 375.786 019459 6546993 1633,.41 23,596 &
5 6445592 162597 11.389 0.00C00 677.535 358,748 0.18560 6640606 1635.4% 16,626 &
[} 6449993 1628.59 13.6238 0.00C00 699.835 347.389 0.17958 66.4136 1637.48 .53 4§
7 6%.3978 1630497 15.838 0.00000 T21.647 341,185 017624 66 7080 14319.54 2,34 &
] 6547586 1633.12 18.001 €.00000 743,084 339.680 0.17535 67.1224 1641, €2 -4.002
3 6640883 1635.10 20.138 0.00000 T64.254 341,948 Ca17641 67.47157 1643, 71 ~11.707 &
%¢ ROTOR 3 MIXED AND/OR COOLED QUANTITIES &3
ABSOLUTE ABSCLUTE RELATIVE RELATIVE
STREAMLINE TOTAL TOTAL TOTAL TOTAL
NUMBER PRESSURE VEMPERATURE PRE SSLRE TEMPERATLRE
{PSI) {DEG R} {PST} {DEG R)
1 73.1010 1679.35 6445334 1627.21
2 73.1948 1679.3% €4.9453 1629.31
3 T73.2623 1679.35 ¢5.3331 1631.38
4 73.3119 1679.35 65.6993 1633.41
5 73.3514 1679.2% 66.0L06 1635.46
6 73.3830 1879.35 66,4126 1637.48
1 T2.4C90 1679.35 66,7680 1639.54
8 13,4302 1679.35 €7.1224 16641.62
9 T1.4462 1679.3% 67.4757 1663.71
*& STAGE EXIT 3 e
ABSOLUTE ABSOLLTF ABSOLUTE ABSOLUTE o
STvioYLINE RANTAL PASS=FLCW PERIGIONAL AXTAL WHIRL ABSCLUTE MACH TCTAL T07AL FLOM @
WolR PLSITION FUNCTION VELOCITY VELOCLITY VELOCITY VELaCITY KUMBER PRESSURE TEMPERATURE ANGLE ¢
(1N} (LRM/SEC) (FPS} {FPS) (FPS) {FPS) (PST} {DEG R) (DEG}
1 14.34C0 0. 80791 804763 ~141.¢91 163,106 0.08523 56.0865 1589.81 =60.317 &
2 15.4927 14.6R8781 317.106 315.501 ~128.946 342,320 0.17928% 58.0640 1589.81 ~22.230 o
3 16.159¢ 29.373130 344755 341.224 =121.696 365.612 0.19153 58.2417 1589.81 -19.629 &
4 16 TH47 44.05086 3604205 354,237 =115.104 378.149 0.19814 58.3493 1589.01 ~18.001
5 17.3327 5B8. 74867 370.005 3el.188 =109.347 385.824 0.20219 58.4209 1589.081 =~164843
[ LT.RTAT 73+ 43661 3764745 364.701 ~103,829 39C. 190 0,20481 58.4707 1589.81 -15.891 ¢
! 18,3972 AA. 12464 3181566 365.951 -98.820 3944157 0420659 SR.5063 13589.81 -15.113 «
3 LR 9046 102.81274 IR5.075 365.570 -94.080 396.402 0.20777 58.5318 1989,.81 ~14.432 ¢
1 19.4000 117.50092 InT.657 3¢63.962 -89.430 397.R39 0.20853 58,5494 1589.81 ~13.,805 &
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STREARLINE
NUMBER

96

r-N- RN RV LY V)

STATIC
PRESSURL
(123 8]

55.81 36
S6.8212
56.8283
506.815)
5648435
56. 8515
5648586
96, 864A
56.8597

STREAML INE

NUMBER

OERNCWPEWwN -~

STATIC
TEMPFRATURE
{O0EG R)

1587.82
154107
1579.85
1579.15
1578.71
1578.4)
1578.23
1574.10
1578.01

STATCR
REACTION

0.34296
0.37803
040577
0.42888
0.44869
046544
048066
0449445
0.50711

STREAMLINE

SLOPE
ANGLE
{CEG)

1.%28
5.767
8.219
10,445
12,533
14.527
16.448
18.314
20.13¢

RCTICR
REACFICN

0.54011
0.52190
0.46920
0. 413064
0.40200
0.38167
0.36809
0.36030
Ce 35696

RELATIVE RELATIVE RELATIVE
STREAML INE BLADE RELATIVE MACH TCTL TOTAL
LCURVATURE VELCCITY YELNCITY NUMBER PAESSURF TEMPERATURE
(PER IN) (FPS) (FPS) {PSI) (DEG R)
-Cs 5814401 127.591 0.38C2C 61.4332 1627.27
-0.0¢C00 628,136 82C,. 808 0.42982 64,2133 1631.228
-0.00C00 €55.167 849,928 0. 44524 64,7808 1633, 68
-0.00C00 679.707 872.624 0.45723 6502455 1635.89
-C.00000 702.735 892.402 0.46766 65.6€40 1638.06
-0.00000 724.710 9lc. 171 0.47701 5640499 1640.16
-0500CQ0 745.895 92¢.904 0. 48581 66.420% 1642, 2%
-¢.Cccoo 766,468 542.776 0.49415 66.7769 1644,33
~C.00000 786.553 §57.927 050211 67.1269 1644.39
¢ STAGE 3 PERFORNMANCE o¢
STATCOR ROTCR
PRESSURE PRESSURE STATCR ROTCR ROTCR STACE
L0ssS LOss ELACE ROW BLADE RCW ISENTRCPIC ISENTROPIC
COEFFICIENT COEFFICIENT EFFICIENCY EFFICIENCY EFFICIENCY EFFICIEMCY
0.10301 0.%55556 C.91560 0.68802 0.8180% 0.78912
0.10075 014202 Ce91673 0.89034 0.93200 089078
0.09992 011539 0.91¢086 €. 90999 0.94043 0.895%80
0.t0010 0.10C7? 0.91¢€31 0.92103 0.94510 €.0979)3
C.10086 C.09147 €.51538 C.92811 0.94767 0.89908
0,10198 0.08516 €.91417 0.9329% 0.949%8 0.89978
0.10349 0.08C59 0.91271 0.93848 0. 95082 0.9002%
0.10531 0.07715 0.91104 0.93910 0.95121 0.90057
0.10761 C.07442 €.50901 0.94119 0.95158% 0.90000
® MASS—AVERAGED QUANTITIES o
STATOR BLACE-ROW EFFICIENCY e 0.5144s
ROTOR BLADE-ROM EFFICIENCY = 0.90782
STAGE WORK = 24.132 BTL PER LBNF
STAGE TOTAL EFFICIENCY = 0.89C40
STAGE STATIC EFFICIENCY = 0.€80€e84
STAGE BLADE- TC JET-SPEED RATIO » c.%4208

RELATIVE o
FLOW ¢
ANGLE &
(DEG)

~B83. 627
=67.377
-66.287
-65.970
=66.022
-66.242
-86.,517
=66,904
~67.4308

ooor oode



*%¢ SPCOL 2 PERFORMAKCE SUNMARY [MASS-AVERAGED QUANTITIES) #es

STAGE
STATOR ROTOR STAGE STAGE BLADE~ T0
STAGE BLADE~RO# ALADE-ROW STAGE TCTA STATIC JET-SPEED
NUMBFR EFFICIENCY EFFICIENCY WORK EFFICIENCY EFFICIENCY RATIO
(BTU/LEM)
1 0.92813 0491667 20842 C. 89098 0.76712 Qu54124
2 0. 91529 0.91542 22.453 0.89286 Ce 80338 0.550802
3 0.91444 0.90762 244132 0.89C40 C.80884 0.56209

SPOOL WORK = 47.427 BIU PER LBR
SPOOL PORER » 11209.30 HP
SPOOL TOTAL~ TO TOTAL-PRESSURE RATIO = 1.90517
SPCOL TQTAL- TO STATIC-PRESSURE RATID = 185814
SPOOL TOTAL EFFICIENCY »  C.89686
SPODL STATIC EFFICIENCY =  0,.88%74
SPCCL BLADE- TQ JET-SPEED RATIO =  0,333%%
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*es CVERALL PERFORMANCE SUHMMARY (MASS~AVERAGED CUANTITIES) ess

. OVERALL WCRK

CVERALL TOT#L~ TO TGTAL-PRESSURE RATIO
GVERALL TOTAL- TC STATIC-PRESSURE RAT1O
OVERALL VOTAL EFFICIENCY

OVERALL STATIC EFFICIENCY

CVERALL E(ACE- T JET-SPEEC RATIA

21€.1C6 BTL PER LBN
5.8793¢
6.03019%
Co93401
Ce52351
C.29794



NORTHERN RESEARCH AND ENGINEERING CORPORATION

DATA INPUT SHEET

ENGINEER:  FKL PROJECT: AXIAL TURBINE DESIGN  PROJECT NO» 1125
TITLE: SAMPLE CASE |11 SHEET: 1 2
LOCATION
] CF 13 TOF 24{28 30 BT 42(43 408149 “];I [ -2 ] [ 1014 TR

THIRD LP STAGE FROM NASA TWINSPOOL

1 J yy I A i

0 0 2 d- o ] 1 1 1

1 . N - L 1 1 1
SNAMI

[ 1 . L 1 )
NSPOOL=1,NAN=1,NLINES=9,GASC=53.35,FLWM=117.5,

] 1 1 1 1 L
NLT=&RLT(15=ILL.216,15.L}i+92,161.4711,]7.409‘7,]8.3, i )

TOLT (1) =5%1679. 35, N . \ N
POLT (1) =73.8409, 7k. 1316}, 7k. 2920, 74.B3768, 74. 4203, . .
BETLT(1)=-2B.152,~18.716,-16.431,~1}+.962,-13.88p § )
$NAMZL 1 —1 I 1 )
RPM=U6L6. ,HP=4011.81,NS[TG=1,FHP (1)={1.0,CP(1)=.2]1,.271,.268} L
RANN(1,1)=1f+.26,14.30, 1f+. 34, . ‘ .
RANN(1,2)=1B.30,18.85, 19. 40,

o 1 1 L L L
NSTRAC=2,RSJTRAC (1, 1)=14,. 26, 18. 30,

1 1 1 1 1 L
RSTRAC(1,2)F14.30,18.85), ) ) . .
RSTRAC (1,3) F14.34,19. 40, ) . N .
ASTR(1,1)=1}528,20. 136, ) . . .
ASTR(1,2)=1\. 528,20. 136, 1 ) N ,
ASTR(1,3)=1}. 528,20. 136, 1 . 1 '

CSTR(1,1)=2}0.0,

CSTR(1,2)=2{0.0,
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NORTHERN RESEARCH AND ENGINEERING CORPORATION

DATA INPUT SHEET

100

ENGINEER: ___ FKL PROJECT: _ AXIAL TURBINE DESIGN PROJECT NOv _1125
TITLE: SAMPLE CASE 1] SHEET: _2 OF_2
LOCATION

sp7 12413 Ilk 34]:5 30 T 41]43 48[4 ?]: [ 131 [ 1014 k4 3
CSTR(1 ,3)=27'=0T0,

) . n 1 L
XMIX(l],1)=9='<1.0, . . y . ,
XMIX(L1,2)=9*0.O, . . . K )
NXT=5l,RNXT(I,])=11’+.30,15.’+3751,16.57'50,17.17]25,]3.85, 1 1
WRL(1,1)=900.,837.5,784.2,738.32,69.51, ) )

IPOF (1)=0, N N L . .
Y0ss(1,1)=.]103,.100,.101,.103,. 108, y L |
RSXT(1,1)=1}+.34,16.1595,17.3327,18.8972,19.40, ) .
Y0ss(1,2)=.p82,.896,.899,.900,.901 | , .

4 . ; i ) L

. n . 1 L L

| ) . 4 L g

| 1 1 i L N

) n N \ L )

. " . o . L

) ! ] L 1 L 4

. L ] 1 P )

L L ) i L )

) . A . 0 L




** PROGRAM TD = AERODYNAMIC CALCLLATIONS FOR THE DESIGN OF AXIAL TURBINES *¢

THIRD LP STAGE FROR NASA TWINSPOCL

#0¢ GENERAL [INPUT DATA ssu

NUNBER OF SPOOLS = 1
NUMBER. OF SETS OF ANALYSIS VARUABLES 1
MUIMBER OF STREAMLINES = S

GAS CONSTANT = 53,3500C LBF FT/LBM DEG R
INLETY MASS FLOW = 117.5C00C LBM/SEC

® TARBULAR INLET SPECIFICATIONS ®

RAGTAL TOTAL CTAL ABSOLUTE
COCROINATE  TEMPERATWRE  PRESSLRE FLCK ANGLE
tIn) (DEG R} PSt} {DEG)
14.2600 1679.23% T3.8409 -23,152
15.4492 1679.3%5 The 1218 ~18.716
160711 1679,.3% T4.252C -16.431
17.4097 1679.3% The3768 ~l4.962
18.3000 1879438 T4.420)3 -13.882
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se% SPOOL INPUT DATA $¢e

*0 DESIGN REQUIREMENTS ¢¢
ROTATIVE SPEED = 464¢.0 RPN
POWKER QUTPUT =  4C11.81 HP

%8¢ ANALYSIS VARTAOLES ee
HUMBER OF STAGES = 1

o POWER-OUYPUT SPLIT o
FRACTION OF
-STAGE NUMBER SPOOL PCWER OLTPULT
1 t1.CcCCOO

¢ SPECIFIC~HEAY SPECIFICATICN ©

DESIGN STATION NUMBER SPECIFIC HEAY

{ BTU/LBM DEG R)
1 Ce271CC
2 Ce2710C
3 €+ 26800

® ANNULUS SPECIFICATICN ©

DESIGN STATION NUMBER HUB RADIUS CASING RADIUS
[SLA] tIN}
1 14.2600 18.3000
2 14,3000 18.08500
3 14.3400 19.4000

® STREAMLIMF SPFCIFICATIONS o
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RADIAL
DESIGN STATION 1 CCORDINATE
tIN)

14026000
18. 30000

RADIAL
DESIGK STATION 2 COORDINATE
{IN)

1430000
18.8%000

RADIAL
DESIGN STATIOR 3 CONRDINATE
[§1.3]

14.3400¢C
19.4000¢

ANGLE OF
INCLINATION
{DEG)

1.526800
2C.13¢00

ANGLE OF
INCLINATION
(DEG)

le5280¢C
2C€.13¢00

ANGLE OF
INCLINATION
DEG)

1.%2800
2C.1360C

® MIXING COEFFICIENIS ¢

STREAML INE RLADE BLADE
NUMBER ROW ACwW
1 2

1 1.060C0 0.

2 1.0C0C0 C.

3 100000 Ce

4 1.000C0 0.

s t.0c0c0 0.

6 t.cooco Ce

L4 1.C0000 Ce

8 1.00000 0.

9 1.000C0 0.

¢ BLADE-ROW EXIT CONDITIONS »

RADIAL
STATOR 1 POSITION
{In)

14,3000
15.4375
16.57%0
17.7125%
18.8500

WHIRL
VELOCITY
LFPS)

90C.CCO
837.%50C
7840 2CC
738,220
498.%10

CURVATURE
(PER IN)

Ce
0.

CURVATURE
(PER IN)

Ceo
Ce

CURVATURE
IPER IN)

[
O

PRESSURE
LOSS

CCEFFICIENTY

0.10300
C.10000
C.10100
C.1C300
0.10800
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NOND IPENS TONAL STAGE

STREAML INE POWER CQUTPUT RADIAL ISENTRCPIC
RCTOR 1 NUMBER FUNCTICN POSITICN FFFICIERCY
Ny
1 Ce 14, 34C0 C.8R200
2 0.12500 16.1595 0. 89600
3 0.25000 17.3327 0,89900
4 0.375C0 1803972 0.9C000
ES 0.5C0C0 19. 4000 €.90100
6 0.625C0
7 0.750C0
8 0.875C0
? 1200000
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8% QUTPUT OF SPOOL DESIGN ANALYSIS #aé

% STATOR INLFT 1 »¢

O PASS L e

ITERATIVE DETERMINATION OF MERIDIONAL VELOCITY AT THE MEAN STREAMLINE

PERIDIONAL
VELCCITY ABSCLUTE
PASS AT THE KEAN CALCULATED STRFAMLINE MERIDICNAL WHIRL TCTAL
NURRER STREAMLINE RASS FLOM NUKBER VELOCITY VELOCITY PRESSURE
tFPS} (LBM/SEC) {FPS) (FPS) {(PST)
1 144,353 228.52487 1 702.548 -3C0.737 73.8409
2 71 8.634 =272.343 73.9930
3 73C. Co6 -249.022 Th. 1157
4 738. 410 -230.526 Tha2119
5 T44.353 ~2164929 T4.28138
6 Ta8a 756 ~204.319 The3380
L4 752.C64 -193.891 7443748
8 1540572 ~1844159 T4.4026
S T156.445 -17%.522 T4.4203
2 620,294 194.83747 1 57€.5C3 -247.285 13.84C9
2 593. 728 ~225.007 73.9930
3 605.410 ~206.502 T4e1l57
4 614056 -191.704 T4.2119
H €2Ce 264 =180.774 T4.2037
[ 624.911 -t70.524 T4 .3380
7 6284343 -161.99% Tho3746
8 6304913 -153.979 T4.4026
s 632,790 ~146.,830 T4.4203
3 372.176 119.91294 1 318.5¢1 -136.111 T73.8409
2 337.761 -128.002 73.9930
3 3524489 -120.294 Th 157
4 363.916 -113.612 7442119
S 372.1178 ~108.466 74,2837
[} 378,236 -103.212 T4.3380
7 382.622 ~98.64% Tée3745
8 385.807 “%4e159 T4.4026
S 388012 =90.033 T4e4203
4 J6ha1RE 117.3%238 1 3094692 -132.380 73.9409
2 329.219 -126.76% 73.99130
3 344,369 ~117.462 T4.1157
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STREAMLINE
NURBFR

STREVML INE
NUMBER

106

QRN DL WA~

DN AL W~

RADTAL
PLSITECN
s

14,2600
4. A2%3
15. 3699
15.4958
16,4064
1€.8986
17. 378}
17.R&5]1
18,3000

STATIC
PRLSSURE
(PS1)

12.3939
T2.4102
12.4236
72.4349
12.442)
12.4%14
124562
12.4631

364,647

364.646

MASS-FLOW
FUNCTION
(LEM/SECY

0.
13.41426
27.51542
42.10398
57.00996
T2.09717
AT.25970
102. 41554
117.50000

STATIC
TEHPE RATURE
{DFG R}

1670.96
1670.19
1669.57
1669.09
1668472
1668.48
1668.28
1568.17

117. 50025
117.50000
PERICIONAL AXIAL
VELOCITY  VELOCTTY
(FPS) (FPS )
310. 204 310.€94
329,712 328.855
344,047 342,534
356.262 351.415
164,646 357,443
370.792 360,272
375.236 360,897
378.460 359,854
360. 688 357.419
STREARL INE
SLOPE STREANLINE
ANGLE CURVATURE
(DEG) (PER IN}
1.528 0.
4,132 C.
64640 o.
9.062 0.
11.407 G.
13.681 c.
15.891 0.
18.041 0.

WHIRL
VELCCITY
(FPS})

-132.599
-124.952
-117.826
=111.223
-106.270
-t0l.18t
~96.741
~324366
-88.333

VDA PANIWN~ SDNIPADS

ND OB LA -

355, 754
364.186
370.338
374,785
378.012
3RC.241

31€.20%
329.712
344,848
35¢.283
364,647
37C. 753
375.237
378.461
3A8C.689

31C.204
329.712
344,847
3564262
In4. 640
370.792
375,236
378.4¢0
380.6€8

Al
ABSCLLTE
VELCCITY
(FPS)}

337.3%
352,594
364,356
373.220
375.815
3844349
387.500
389.%68
39C.802

-111.077
-106.136
-101.0%7
~96.624
=92.257
-88.229

-132.599
-174,952
-117.626
~111.223
~106.270
-1c1.181
-96.741
-92.366
-88.33)

-132.599
-124.952
-117.626
-111.223
-106.270
~10l.181
=96.741
=92.366
-88.333

BSOLUTE A
MACH
NUMBER P

0.17217
0.17999
0. 18602
0.,190%8
0.19397
0.19630
0. 19792
0.19898
0.1996%

T4.2119
742837
74.3380
Tha 3740
T4.4026
T4.4203

73.8409
73.5930
T4. 1157
T442119
T4.2837
74,3340
743746
T4.4026
74,4203

T13.84C9
73.9930
Taall57
7442119
74428737
7443380
T4.3746
74.4026
74,4203

BSCLUTE A

TOTAL TOTAL
RESSURE TEPPERATURE

(pst) {DEG R}
73,8409 1679.2%
73.9930 1679.35
T4a1157 1679.35
74,2119 1679.3%
74,2837 1679,13%
T64.3360 1679.33
74,3746 1679.35
T4.4026 1679.33%
74,4203 1679.33

B8SOLUTE

ABSOLUTE

-23.152
~20.80%
~18.952
=17.544
-16.557
-15.687
~13.006
-14.39
-13.0802

»> Do L X 4 o



SYRFANL INE
NUHMBER

> -

TTERATIVE DETERHINATION OF MERTOIONAL VELOCITY AT THF MEAN STREAMLINE

12.4682 1668410 20.136 0.
#ERIDICAAL
veLcetTy
PASS AT THF MEAN  CALCULATED
HUMBER STRFAML INF NASS FLOW
{FPS) (LBN/SEC)
1 164,646 11726189
2 365,387 117.49993
3 365,387 117.50000
RADIAL pASS-FLCW MERTDIONAL AXTAL
POSIIICN  FUNCTINN  VELCCITY viLocITY
1) {LDM/SEC) {FPS) {FPS)
144 26,00 0. 310.239 3104128
L4eRT0h 14,6739% 131,339 310,376
1%.43h0 29,10028 146,430 341,888
154 Qh 04 43,95224 157,349 352.591
1644599 58,54619 369,387 357.848

S PASS 2 ¢

ABSDLUTE

STREAMLINE MERIUIONAL WHIRL TOTAL

NUMBER VELCCITY VELOCITY PRESSURE

tFPS) {FPS} (PST}

1 309.412 ~132.260 73.86409

2 33C. 546 ~123.971 74,0056

3 345,640 -116.506 74,1290

4 35¢.596 ~110.827 T4.2207

5 364,646 -105.46% 74,2906

6 37C.548 -1€0.598 TA.3418

7 374.751 ~96.315 T4.3764

[ 3717.839 -92.090 The4031

9 375,999 -88.173 T4.4203

1 31C.238 =132.614 73.8409

2 331.338 ~=1244268 74,0056

3 34664429 ~116.765 T4.1290

4 3574249 =111.060 The22CT

] 365.3e17 ~105.679 T4.2906

] 371.2281 -100.79% T4.3418

7 375,478 -96.,502 T4.3764

8 378.562 -92.267 The4031

9 380. 720 -88.341 T4.4203

1 31¢.239 ~132.614 73.8409

2 331.339 ~1264.268 T4.C056

3 3464430 -116.765 7441290

4 357,349 -111.061 74,2207

S 36%.387 ~105.679 7442906

[3 3rt.2s8l -1C0.79% The3N18

1 375.473% ~96.502 T6e 1764

8 378.562 -92,267 74,400

b 3IAC. 720 -A8.341 T4.420%
ABSOLUTE ARSOLUTE ABSOLUTE
WRIRL ABSOLLTE MACH TOTAL nraL

YELQCITY VELOCITY NUMBER PRESSURE  TEPPERATURE

(FPS) (FPS) (PSI) [CEG R}
~132.614 337,393 CelT219 T3.R409 1679.3%
~124 78R 153,27 0.18084 T4.00%6 1679.38
=116,76% 3654578 0,18665% T4.1290 1679.3%
=1it.061 374.2C9 G.13109 74,2207 1679.35
~10%9.479 38C. 343 0. 19428 742908 1679.33

ABSOLUTE &
FLOW
INGLE ¢
(DEG) ®

~23.1%2 &

-20.613 ¢

-18.753%

~1T.080 9§

~18.4%3 @
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STREAML INE
NWNAER

108

GD~ND>

DDA P LA -

164 939%
t1.4042
17,4569
1843200

STATIC
PRESSURL
tPSI)

723936
124111
T2.42%93
12.6342
7244437
12. 4514
12.4562
12,4629
12,4619

PASS
NUM3ER

T3.3649%
ARLQBTSH
102.80056
117.50000

STATIC
TENPERATURE
{OFG R)

1670.98
1670.12
1669450
1669.03
1668.09
1668. 44
1668.27
166B.16
1668.09

37t.281 360.456
375.4179 360,918
3784562 359.840
3804720 157,450
STREAML INF
SLOPE STREAML INE
ANGLF CURVATURE
{CEG) {PER IN)
1.528 0.
44308 '
60945 0.
9360 Q.
11.659 0.
13.869 0.
16.010 0.
18.095 Q.
20.136 0.

~$00.T9S
~96.%502
-92.267
=88.341

O PASS 3

184,789 Ce 19649
387,691 0.19e01
389,644 0.19902
390,833 Ce19963

T4. 34180
TA. 3704
T4.4C31
T4, 42C3

ITERATIVE CETERMINATION OF MFRIDIONAL YELQCITY AT THE MEAN STREAMUINE

KERTOIONAL

VELOCITY
AT THE MEAN CALCULATE
STREANLINE NASS FLOW
(FPS) {LBM/SEC)
365,347 117.49364
365,407 117.50000

0

STREAML INE PERIDIONAL WHIRL
NUNMBRER VELOCITY VELOCITY
{FPS) (FPS)
1 310,259 -132.623
2 331.3%0 -124.279
3 366,514 ~116.736
4 357, 438 -111.025%
5 365,387 ~105.629
6 371.161 =100.957
T 375.422 ~95.474
8 378.591 -92.270
9 380,736 ~88+344
1 31C.281 -132,632
? 331,371 -124.287
3 34¢€,53% ~116.743
4 357.458 -111.031
L] 365.4C7 ~105,63%
] 371.180 =100.962
? 3T5.442 =96.479
8 378,610 -92.275
9 38C.7%% -80.349

APSCLUTE
TCTAL

PRESSURF
sy

73.84C9
74,0055
74.129%
74.2213
74.2910
7403395
T4.376%
74,4032
74,4203

77,6409
T4.005%
T4.129%
T4.2213
7442910
7443395
T4.376%
74,4032
74,4203

1679.33
1679,.3%
1679.35%
1679.3%

-1%5.623
~14.970
=14,301
-13.002

o



STREAML INE
NWBER

- TSNP NS N -

STREAKLINE
KWMBER

QDD DS N

PAGLTAL
Peasb it
e

14,2000
L4eBT63
15.41RH
19,9642
1he 46 30
1649417
1 1.4053
17.6572
14,3000

STATIC
PRESSURE
(15181

12.3932
12. 4107
1244250
72,4139
72,4440
12,4497
12.4567
12,4625
12,4672

PASS
NUMOER

ARSOLUTE ABSCIUTE ABSOLUTE
FASS-FLCH MERICICNAL AXTAL WEIRL ABSCLUTE Toray TOTAL
FUNCTTUN VELCCITY VELOCITY VELOCITY VELCCITY NUNBER PRESSURE TEFPERATURE
{LAY/SFC) {FPS) (FPS) {FPS) (FPS} (pSt) {CEG R)
0. 310.281 310.171 ~132.¢32 337.440 0.17221 73.8409 1679,35
L4.609%2 331,371 330.410 -1246.287 3%3.4913 0.18066 74.00%% 1679.38
27.37872 346,535 143,983 -116.743% 365.671 0.1R670 T4.1295 1679.9%
54.0674% 257.458 352. €A1 -111.03¢ 374,30% 0.19113 T4.2213 1679435
58475495 30%4407 357.847 ~10%5.63% 380.369 0. 19425 T4.2910 1679.3%
7343928 3I71.180 160.342 ~100.962 38,666 019644 T4 3395 1679.3%
88.127340 375,442 36C.870 -96.479 387.£60 0.19799 743765 1679.3%
1n2.81098 378.610 359.882 ~52.27% 389.693 0619904 7424032 167933
117.50000 380.755 357.482 ~88.349 390.871 0.1996% 14.4203 1679433
STREANL INE
STATIC SLAOPE STREAML INE
TEMPERATURE ANGLE CURVATURE
{DEG R) (DEG} {PER TN}
1670.96 t.528 Oe
t670.12 4,367 0.
166950 6.957 Oe
1669.03 9.378 Ge
1668.69 11.675 O.
1668 « 45 13.880 Qe
1668.28 16.015 0.
1668.16 18.097 0.
1668.09 20.136 0.
® CONVERGED PASS ©
ITERATIVE CETERMINATION CF MERIDIONAL VELOCITY AT THE MEAN STREAFLIKE
MERIDIONAL
VELOCITY ABSOLUTE
AT THF MEAN CALCULATED STREAMULINE PERIDIONAL WHIRL TCTAL
STRFAMLINE MASS FLOW KRUMBER VELOCITY VELOCITY PRESSURE
(FPS) ({LBM/SEC) " tFPS) {FPS}) tPSt)
365.407 117.%0075 1 310.284 ~132.633 73.8409
2 331.372 ~124.,289 T4.C055
"3 3464534 -116.746 74.129%
4 357.457 -111.034 T442213
-] 365.6C7 -105.637 14.2910
6 371.182 -1C0.963 7443395
? 375. 444 -96.479 74.376%
a 3784613 ~92.27% 74.4032
9 3I8C. 157 ~08.349 74,4203

ABSOLUTE
FLOW
ANGLE
(DEG)

-23.1%2
~20.614
~18.T44
-17.47%
=16.448

oo OSSP o So»
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STREAML INE
NUMBER

STREAMLINE
NUMBER

110

ODNO TSN -

OD NP, WN -

Rapiat
PCSITION
{IN}

14.2600
14,8763
19.4387
159641
1606528
169617
17.40%¢
LT.85173
18.3000

STATIC
PRESSURE
(PSI}

7243932
T2.4107
1244250
72,4339
7254440
12,4497
T12.46%67
12.6625
12.486705

36%5,40%

PASS-FLCW
FUNCTICN
(LBM/SEC)

0.
14.6R749
79.137499
44,06248
58.74998
73.43749
AR 12499

102.81249
117.50000

STATIC
TERPT RATURE
(DEG R}

1670.96
1670.12
1669,50
1669,03
1668,69
1668, 45
1668,28
1668.16
16568.09

117.%0000
FERIDIONAL AXTAL
VELCCITY VELOCITY
{FPS) (FPS}
310,281 310.171
331,369 330.407
3446.532 343,980
357.455 3924879
365.4CY 357,868
371,180 3604242
375,442 360.870
378,610 359.882
380,759 357.482
STREAVLINE
SLOPE STREAKL INE
ANGLE CURVATURE
{DEG) IPER IN}
1.528 [Y
4,356 Gy
649517 Ce
9.377 0.
11.674 0,
13.880 Qe
16,015 Qe
18,097 0.
20,136 0.

¥HIRL
VELOCITY
{FPS)

=132.632
-124.288
«~116.74%
-111.033
=105.£37
~100.963
~95.479
=92.274
=B88.349

E-E- RVY N R WY

31C.281  ~132.632
331,369  ~124.288
346,532 -116.745
357,455  ~111.033
365,4C5  ~105.637
IT.180  -100.963
375,442 -96,479
3784610 -92.274
38C. 755 -884349
ABSOLUTE A
ABSOLUTE NACH
VELDC T TY NUNBER P
tFPS)
337,440 0.17221
353,911 0.18066
365,669 0.18670
374,303 0.19113
38C. 368 0.19425
384.666 0.19846
387,660 0419799
386,693 0419504
190.87 0419963

ee STATOR | MIXFD AND/OR COOLEC QUANTITIRE #9¢

STREARL INE

NUMBER

ABSDLUTE
ToTAL

PRESSURF
tPST)

T4. 2371
T4.2371

ApsoLtre
TCTAL
TEMPERATURE
{DEG R)

1679.35
1679.35

T3.84C9
T4.€05%
T4.129%
74,221Y
7402910
T44339%
Tho376%
74,4092
T4.420%
BSOLUTE ABSOLUTE
TOTAL ToTAL
RESSURE TEVPERATURE
Psty (CEG R)
73.8409 1679.33%
74,0055 1679.3%
74,1295% 1679.33
74.2213 1679.3%
74,2910 1679.3%
T4.329% 1679435
74,3763 1679,.3%
T4.4032 1679.3%
14.420% 1679.3%

ABSOLUTE ¢
FLOW &
ANGLE ¢
10EG)

~23.1%2
-20.61%
~16.747
=17.473%
=16.447
~15.632
= 14,968
~14,381
~13.082



LY X NN T

742371
74.2000
T4.2371
74,2371
74.2371
74.2371
74.23N

1679.35
1679435
1679.35
1679.35
1679.3%5
1679.3%
1679,35
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112

*s STATOR EXIT = ROTOR INLET 1 e»

& PASS 1 »

ITERATIVE DETERMINATICN OF MERIDIONAL VELOCITY AT THF MEAN STREAMLINE

MERTOIONAL
VELOCITY ABSCLUTE
PASS AY THF MEAN CALCULATED STREAMLINE NMERIDICNAL WHTRL TCTAL
NUMBER STREAMLINE MASS FLOW NUMBER VELOCITY VFLCCLTY PRESSURE
(FPS) {LOM/SEC) (FPS) {FPS) (st
i 458.030 154.64417 1 453.510 900.000 72.9972
2 456,821 863.447 73.0909
2 458,515 a3l.102 73.1596
4 458.626 8C2.919 73.2048
S 458.030 TI7.49% 73,2440
6 457.C55 754.863 7Y, 2783
7 45%.53% 136,233 73.302%
A 453.470 71%.501 713.3191
S 450.719 698,510 73,3294
2 3I81.692 129.9165%4 1 376,112 9C0.000 71.0695
2 380,043 063,447 73.1626
3 IR2.066 831.182 73.2312
4 382.3C9 802.919 13,2774
s 3a81, 692 777495 73.3174
¢ 380,623 154.863 73.3526
7 31P.929 734,233 73.3781
8 376.618 715.501 73.31963
9 373.580 699.%10 73.4087
3 343,360 117.21853 1 337.017 9C0.000 73.1012
2 361.431 LIX LY 4 73.19%9
3 343,723 831,182 73.262%
4 343.998 802.919 73,3090
-] 343.360 777.495 73.349%
[} 362,221 154,843 73.3850
7 34C. 4CL 136,233 73.4111
e 337.911 715.501 73.4301
s 334,023 698.510 73.443)
L3 344,209 117.50191 1 337.944 9€0.000 73.100%
2 342.288 063447 73.1932
3 3e4l.573 831.182 73.28619
4 144,847 802.919 71,3004
H 344,2C9 177.49% 73.3402
o 343.073 754,863 73,3843
? 341.25% 734.23)3. 73,4108



STREAHLINE
NUMHER

DT PN

STREAMLINE
L LTR

UE XK AR X Vel

rapl AL

PLSITINN

(AL ]

143000
I T T
149.4627
1eatn 1l
1he 1304
ListRAT
17,8217
[EPRLRY)
18, 4300

STATIC

PRLSSURE

(1338

862.006492
62.H311
63,5011
64,0606
66,5726
6540152
6544109
6% 1655
6600857

344,204

PASS-FLCW NMERIDIONAL

FUKCTION
({LBK/SEC)

0.
14.59690
79.4165%
44,32570
99422239
74.04282
AN, TILA9
103,215%26

117,%0000

STATIC
TEMPLRATURE C
{OFG R)

1611.24
1615.77
1619.69
1823.08
1626.07
162R.68
1631.04
163317
164%.10

117.50000

VELOCITY
(FPS)

337.938
342,282
164,567
344,841
344,204
141,067
41,29
30744
139,443

PRESSURE

L0OSS
DEFFICIENT €

0.10300
0.10081
0409991
0. 10052
0.13121
0.10190
0.10335
0.10%540
0.10800

AXTAL
VELOCITY
{FPS)

337.918
341,378
342,220
340,479
337,332
333,258
378,144
322,089
314,978

BLACE-ROW
FFICTENCY

0s91561
0.91668
0.91687
0.91599
0.91%08
0.91422
0.91281
0.91C98
0.90872

VPGP RPN ST

WHIRL
VELCCITY
(FRS)

$¢0.C00
083,447
831,102
802,919
177,498
1560 26%
T34,213)
715,901
493,410

BLADE
VELOCITY
(FPS)

579.771%
605,918
6304974
£55.C74 -
678,317
1¢C.790
122.564
43,701
164,254

¢ PASS 2 0

338,770 715.501 73.4293
335.489 6984510 T3.4420
337.938 900,000 73.100%
342,282 8634447 T3.1932
344,567 831.182 73.2819
344,841 8024919 73.3084
344,2C4 TTT4495 T3.3488
343,087 T54.863 73,3843
341,250 734,233 13,4104
338,766 715.501 71,4293
335,483 698,510 7344424

ABSOLLTE ABSOLUTE ABSOLUTE

ARSCLUTE KACH T0TAL 10T AL

VELOCTTY NUMBER PRESSURE  TEMPERATURE

(FPS) {PSI} (DEG R}
961.354 Ce%9963 73.1€G5 1679.3%
9284816 0.48204 73,1932 1679.35
899,172 Oe4664C 1!.2611 1679.138%
£73.839 0.45249 13,3084 1679,35
750,279 0.43988 13.3488 1679433
8294164 0, 42062 73,3843 1679.3%
€054650. 0,41823 73,4104 1679,18
191,646 0440886 73,6293 1679.3%
174,497 039978 T3ehi28 1679433
RELATIVE RELATIVE RELATIVE
RELATIVE MACH 10TAL TartaL
VELCCITY NUMBER PRESSURE  TEMPERATURE
1FPEY [T233) toeG R}
465,557 0424196 6445330 1627021
§28.344 0s22230 64,9421 1629.30
398.510 0.2086%7 6503342 1631439
37%.198 0.19428 63,7C26 1633,45
35¢.207 0018531 66,0695 1635,%3
347,202 0017933 6644291 1637.57
J4L.A49 Ce L7538 66.783% 1639,6)
339,936 0.17%48 671314 1641.68
341,854 0417637 87.4124 1643, 71

ITERAT IVE DETERMINATION CF MERIDIONAL VELOCETY AT THE MEAN STREANLINE

PFRIDIONAL

ABSOLUTE o
FLOW
ANGLE
(DEG}

69.426
68,428
674622
67.021
66,543
66,179
65,919
68.766
6%.729

. Podsr s S

RELATIVE
FLOW
ANGLE
(DEG)

[
L}
L]
43.408 &
37.030 &
30.329 &
23.472
16.384 &
9.216 &
2.037 &
-5.0046 &
-11.790

113




STREARL INE

KUMRER

OCDNP NP WN -

STREAMLINE

OBINC AP WNw

114

PASS

KURBER

RADIAL
PosITICY
(1IN}

14.3000
16,9400
15. %610
16,1468
16,7123
17.2619
17. 7992
18.32176
18.8500

STATIC
PRESSURE
{psn)

62,0651
H2.Ke20,
634993
64,05
64,95 T4
64 TT
a%. 3950
65. 155
66.0R%7

VELOCITY

AT THE PEAR CALCULATEG
STREAMLINE HASS FLOW
{FPS) (Len/SEC)
344,204 117.49278
344,225 117.49983
PASS-FLCW  PERICIONAL AX 1AL
FUNRCTION VELACITY VELOCITY
(LBM/SEC) LFPS) (FPS)
a, 337.947 337.827
l4.68809 342.314 341.404
.37592 146,571 342.228
44,042A2 344,840 340,519
58, 74601 344,229 337.461
13.42737 363.123 333.444
ARL1116% 341.338 328.376
102,80310 338.84¢ 322.26)
117.49983 335.480 314.974
PRESSURE
STATIC LCSS BLACE-ROW
TEMPLRATURE COEFFICIENT EFFICIENCY
{0¢G R)
1611.24 0.10300 C.91561
t615.80 0.10080 C.91¢68
1619.68 0.09991 0.91687
1623.02 n,10051 0.91600
1625.98 g.10119 0.91511
1628450 0.10185 0,91427
1630.9% 0.10328 0.91288
1633.11 7. 105V) 0.91102
163%.10 (10 10RND 0.90a72

ARSCLUTE
STREAML INE  WER]DIOMAL BHIRL TCTAL
HURBER VELOCITY VELCCITY PRESSURF
(FPS) (FPS) tps1)
1 337.925 9€0.000 73.10CS
2 342.293 863,236 73.1917
E] 344.55C A3l.267 73.2617
4 344,016 8C3. 194 73,3076
H 344,204 778,268 13.3477
6 343.102 755,768 73.3831
7 341,304 735.070 73,4094
[ 338.02% 716.038 73.4209
9 335.458 698,510 13,4626
1 337,947 9€0.000 73.100%
2 342.314 863,236 73.1937
3 344,571 831.267 13.2617
Y 344.840 8C2.394 73.3076
] 344,225 178,268 73.3477
[ 343,123 755,768 73.38%1
1 341,336 735,070 73.4094
] 338,846 716,038 73.4289
9 335.48C 698,910 73,4426
ABSOLLTE ABSOLLTE ABSOLUTE
WHIRL ARSCLLTE MACH TCTL mraL
VELACITY VELCCITY KUMBFR PRESSULRE  TFPPERATURE
(EPS) (FPS) [1233) (DEG R)
9¢0.con 961.357 0.49963 73.1€05 1679.3%
863,236 928,631 C.48194 73.1937 1679.38
231,267 899.852 0. 46645 73,2617 1679.3%
803,394 PT4.275 0.45272 73.3076 1679.35
778,268 850.99% 0.44C27 73,3477 1679.35
755.760 830,011 C.42907 73. 3231 1679.35
135.C70 810.458 Co8186% 73,4094 1679.13%
716.C3n 7924166 0.40894 73.4289 1679.35
698,510 174,89% 0.39978 73,4426 1679.3%
RELATIVE RELATIVE RELATIVE
BLADE RELATIVE MACH TOTAL TOTAL
VELQCETY VELCCITY NUMBER PRFSSURE  TFPPERATURE
[1133] (FPS) tPs1) {DEG R)
819,779 465,564 0.24196 64.5230 1627.21
606,075 428.148 0.22220 64,9445 1629.31
630.906 398.589 0420661 6%.333] 1631439
654,655 3794551 0.19447 65,6961 1633, 42
677,383 ‘3580648 0.11585 66,0579 1635,46
699,866 38T, €47 0.17971 66,4142 1637.49
121.852 381,599 0. 17646 86.76A5 1639.5%4
747,078 139.923 0,17%48 a7.21211 1641.482
764,25 341,081 0.17637 6T.4726 1663, 71

ABSOLUTE
FLOW
ANGLE
(0EG)

69,426
60,422
67.623
67.030
66,5339
66.193
63.920
85,769
65,728

RELATIVE
FLOW
ANGLE
({DEG)

43,467
3s.9089
30.347
23,59
16.614
9.517
22340
-4,796
~11.790

ry X J

S0P Soee

LR X J

sPOPSs O



PASS
RUMBER

STREAML INE RADLAL
NUMRER POSITICY
[{ 5 1]

14.4000
LA, "1t
155610
‘16e 1458
1647124
17.262)
17.1997
18. 3280
18.A500

LIPS WN -

STREAMLENE STATIC
NUMBER PRESSURE

® CONVERGED PASS ©

VTERATIVE CLTERMINATION OF MERIDIONAL VELQCITY AT THE FEAN STREANLINE

PERTDIONAL
VELOCSTY
AT THE PEAN  CALCULATEC
STREAVLINE NASS FLOW

{FPS)
344,225

364,225

MASS-FLOW
FUNCTION
(LBM/SEC)

0.

164.68749

29.37500
Lh,06249
5874999
73.43749
AB,12498
102.81248
117.50000

STATIC

TEMPER ATURE

(LBM/SEC)
117.49992
117.50000
®ERICIONAL axtat
VELOCIYY VELOCITY
(FPS) (FPS)
337.9412 337.827
342,315 341.406
344,571 342,228
344,841 340,519
346,225 T 337.44L
31430123 333.441
381. 134 328,372
I3R.849 322.2%9
335.480 314.975
STREAMLINE

SLOPE STREAML INE
ANGLE CURVATURE

- STRE
NU|

WHIRL
VELOCETY
(FPS)

900.C00
863.237
831,269
203,393
778.262
735,154
135.C53
116.¢27
698,510

BLADE
VELOCITY

ABSCLUTE
AMLINE FERICICAAL WHIRL TCTAL
MRER VELOCITY VELCCITY PRESSURF
{FPS) (FPS} (PsSt)
1 337,947 9C6.000 73.10C5
2 342,315 863,237 7341937
3 344,571 RI1,269 73,2617
4 344,841 803,395 73.3076
¢ 344,225 TT8.262 132477
L) 343,122 155%. 754 73,3821
7 341,334 715,053 T3.409%
8 33¢. 845 118,027 13.4209
9 335.420 598,510 134426
t 337.947 200.000 73.1005
2 342,315 863,237 73.1937
EJ 344,571 431,269 13.2617
4 344,841 A03.395 73.3076
H 344,225 174,262 1323477
¢ 343,123 T55.754 73.3831
L 341,334 735.053 73,4094
] 339,845 716,027 13.4289
L) 335,480 698,510 T3.4426
ABSOLLTE ABSOLLTE ABSOLUTE
ABSCLATE MACH T TovaL
VELOCITY KUFRFR PRESSURE TEFPERATURE
{FPS) tpst} {CEG R}
§61.353 0.49963 13.1€05 1679.35
92R.432 C.aB194 T3.1937 1679,3%
899,854 0.4664% 73.2617 1679.23
B8T4.276 Ce852172 73,3076 1679.35
85C.989 Co.46C26 T3.3477 . 1679.35
829.998 0, £2906 73,3831 1679.3%
81C.439 C. %1864 73,4094 1679,138
1924155 0.40893 73,4289 1679.3%
774,896 0,39978 TI.4420 1679.3%
RELATIVE RELATIVE RELATIVE
RELATIVE MACH TOTAL TOFAL
vELOCITY NUPBFR PRESSURF TEMPFRATURE

ABSOLUTE

69,426
68,422
§7.623
67.030
664559
66,193
65.928
63,769
6%.728

RELATIVE
o
MRLE

roSS Sespy

r X ¥ d

115




ODNO 2P W~

116

{Psn)

62,0651
628420
63,4997
8440%191
64,5576
64,9980
65.19%3
65, 75568
66.0857

{DEG R)

l1611.24
1615.80
1619.68
1623.02
1625498
1628.58
1630.9%
163%.11
1635.10

ICEG)

1.528
4.180
64683
9.081
11394
1345663
195.841
18.001
200136

{PER IN)

(FPS)

579.779
6064074
630,904
856 ,46%%
677 .589
699.881
T21.672
143,(88
T64. 256

{FPS)

455,564
428,1%0
398, %91
37%.8%2
150,644
347,642
341,997
319,924
341.861

0e24196
0.22220
0. 20661
0. 19447
€.1855%
0.17971
Qe 17644
el 7548
0.17637

% ROTOR 1 NIXED ANC/OR COOLED QUANTITIES ¢

STREAKL INE

NUNBER

CRNE NS wN -

ABSOLUTE
TOTAL

PRESSURE
{PSI)

73.1009
T3.1937
13.2617
73.3076
73.3477
73.3831
73.4094
T3.4289
T73.4428

ABSOLUTE RELATIVE
TOTAL TOTAL

TEMPERATURE PRESSURE
{DEG R} tesny
1679435 64,5330
1679,3% 0409445
167943% 65,3731
1679.3% £%3.6661
1679.3% 66,0580
1679.3% 66,4144
1679,3% 6647688
1679,3% 67,1213
1679.1% 67,4724

RELATIVE
TOTAL
TEFPPERATURE
(DEG R)

1627.22
1629.31
1631439
1633,42
1635.,46
1637.49
1639,38
1841,62
1843.71

tpst)

6405330
84 ¢ FA4S
6503331
85.6961
6640580
8644144
46,7488
87+1213
67.4724

{DEG R)

1627.21
1629431
1631.39
1633, 42
1633.464
1637.49
1639,933
1641,.62
1643, 71

{DEG)

43,467
36,989
304348
23598
16.612
9.512
2.39%
=4,.800
-11.79

Seore oS



ITERATIVE DETERMINATION OF MERIDIONAL VELGCITY AV TRL WEAN SYREAWLIKE

MERTCICNAL
VELOCITY,
PASS AT THE FEAN
HUMBER STREAMLINE
(FPS)

1 A72.993

2 394161

3 343,364

I 345.269

CALCULATED
MASS FLOW
{Lek/SEC)

161.93392

134.90781

116.82889

117.51140

¢¢ STAGE EXIT L 9

S PASS 1 s

STREAMLINE RERICICNAL

NUKRER

VBONOVNSI WA DTSR AD WA~

DIPNPRPWA -

1
2
3
«
5
&
7
e

VELLC LY
(FPS)

403.65%
431.885
451.312
4664631
472.593
4T78.735
4B7. 875
4Re.0CT
488.577

307.622
363,583
367.778
383.812
394.161
401.C53
4C5.941
409.730
412.785%

238.909
283.7e8
312.693
331.434
342,384
351.2¢0
3564865
36t. 177
3644643

241.617
2864070
LA TE4
333,387
345,269
353128
3158.6170
362,908

SHIAL
VELCCITY
(FPS)

~141.697
~132.6064
-124,198
-117.512
~111.103
~105.013
-99.53%
=-96,397
~09.434

-141.697
~132.604
~124.798
=117.512
=11l.103
«105.013
~99.53%
=94,397
=89.43¢4

~141.697
~132.4604
~124.798
~117.512
-111.103
-105.013
-99.53%
-9%4.397
~89.434

-141.697
~132.606
«124.798
-117.512
-111.103
-105.013

-99.53%

=94,397

ABSOLUTE
TCIAL

PRESSURE
testy

57.7882
58.0316
%8,209%
58,3333
58.41C6
58.4652
58,5004
SR,5304
5845510

57.7882
SR.0316
5R.2095
5843333
58.4106
5B.4652
58.50C4
58.51C4
58.5530

57.7882
SR.0316
5802095
58.333)
58.4106
5R.4652
58. 5004
5845306
5845530

37,7882
58.0316
584209%
58.3333
58.4106
50,4652
$8.5004
S8.5304

117



STREANLINE

NUNBER

DDNO AP -

STREAMLINE

NUNBER

CRNPPLrwN»

118

RADIAL
PUSITICN
{IN)

14,3400
15. 0667
15. 7581
16,4212
17.0587
17.6731
158.2687
18,8420
19,4000

STATIC
PRESSURF
(psty

56.9622
564 9R19
56,9965
57.0093
57.01%5
51.0249
57.029%
57.0368
57,0417

PASS

365,238 - 117.30001
MASS-FLUW MERICIONAL AXTAL
FUNCTION veLge try VELOCTYY
{LBP/SEC) {FPS) (FPS)

0. T 281.572 241,486
11.93574 286.032 28%.265
25.648299 318,729 312.552
40.02804 333.355 329.083
55.16056 345,238 338,276
70.61079 353.098 342,927
86,21245 350,648 344,808

101.86416 - 352.938 345,010
117.50001 366,388 343,993

. PRESSURE

STATIC Lass BLADE-ROMW
TEPPERATURE COEFFICIENT EFFICIENCY

{DEG R}

1583.96 04196%0 0.85087
1582.40 Ge 15403 0.86057
1561.26 0.12583 0.301 44
.15R0.50 0.10712 0.313%84
1580+ 00 009643 0.92434
1579.69 0.08948 0.93001
1379.48 0.0B474 8.93396
1579.33 0.08040 0.93760
19579.21 0.07679 G 94067

UTERATIVE DETERMINATICK OF MFRIOTONAL YELOCITY AT THE NEAN STREANLINE

HER[DICHAL
VELGCITY
AT THE MEA

N CALCULATED

WHIRL
VELCCITY
(FPS)

=141.¢97
~132.604
-124,798
“~117.512
-111.30%
-105.01%
-99.53%
94,397
~89.434

BLADE
VELOCI TY
" {FPS}

581.401
61C.82%
638.89%
66%.783
891,028
.116,538
760,612
T763.928
786,553

O PaSS 20

366,417 -89.434 38.5530
241572 -141.897 57.7802
2864032 ~132,604 58,0316
314,729 =124,798 5842095
333.3%5 ~117.512 58.3333
345,238 ~111.103 58.41086
3%3.092 ~105.013 58.456%2
358, 648 =99.%3% 58450Ca
3624938 “9%,397 58,3304
ELT2% 1 1 ] -089.434 58,9530
ABSOLUTE ABSCLUTE ABSOLUTE
ABSCLLTE MACH TOTAL TOTAL
VELOQCITY NUPFBER PRESSURE TENPERATURE
(FPS) (PS1) {OEG R}
28C.C(63 0.14652 37.7882 1589.81
315.27% 0.16503 58.031¢ 1389.81
338.569 0.17728 58.2C9% 1589.61
353,461 0.18%12 5A.3113 1589.81
362,675 0.18999 584106 1589.81
368,382 0.19299 58.4652 1589.81
372,204 C.19%00 53.5004 1589.81
375.013 0.19¢49 58.5204 159,01
377.14% Ge19781 38.3529 1589.81
. RELATIVE RELATIVE RELAT IVE
RELATIVE MACH TETAL TOTA
VELOLITY NUMBE R PRESSURE TEPPERATURE
LFPS) PS ) (CEE M)
1624382 0.39886 63,2972 1627.21
T9€.955% Qe 41694 63.9322 1629. 68
826.C03 0.43251 64,5021 1632411
851,279 0.44586 6%.01C3 1634,30
873,821 0.45773 65,4718 1636.90
894,217 Co 406846 65,9037 1639,28
$13.497 0.4786¢C 86,3214 1641.67
931.904 Q.48827 66,7314 1844.04
949,523 0., 39792 67.1310 1846, 39
. . AESCLUTE
STAEAFLINE RERIDIONAL WHIRL To%aL

NBAPA S WN - L]

ABSOLUTE
FLO¥
ANGLE
{DEG}

=30,4C)3
~24,931
-21.7606
-19,63%1
-18.102
-17.026
-16,102
-1%5.302
~14.57¢

RELATIVE
FLOw
MNGLE
(DEG)

=71.53)
-69, 007
=67, 742
~6T7.211
=07.149
=67.,344
~67,080
-60,102
~60,%60

L L L4

oo oSS



NUMBER STREAKLINE  MASS FLOW NUKRRER VELCCITY  VELCCITY  PRESSURF
(FPS)

(Lem/SEC) (FPS) (FPS) tPST)

3 345,238 116474739 1 T 2414352 ~141.697 57,7882

? 2R9. 266 -131.280 58,0517

3 Ibehe2 - =~123.413 5/.2250

4 334,057 ~116. 395 5R434619

5 34%,238 -110.2%3 58,4149

6 352, 761 ~1C4.424 58,4671

7 358.171 ~99,177 58,5014

[] 362.3%6 -94,235 58,5309

9 365, 788 -89.434 5R.5530

2 347,483 117.55819 1 264,534 =141.697 57.79R2

2 291.922 =131.280 58.0517

2 318.890 =123.473 58,2250

4 316,758 =1164139% 58.3419

1 347.4¢€3 -110.2%3 58,4149

6 35449319 ~104.424 SA.4671

? 36Cs 316 -99,177 58,5014

a 364,516 ~G4,235 58,5309

9 367. 886 ~A9.434 5845530

3 387.2M 117.49558 1 244,289 -141.697 57.7882

2 291.717 =-131.280 58.0517

3 318.7C3 =123.473 58,2250

4 33¢.180 -1164395 5843419

5 - 347.291 -110.25%3 5804149

[ 354,771 -104.424 5844671

7 3504150 ~99.177 5845014

L} 3644352 94,235 5845309

9 367. 723 -89.434 5845530

4 367,304 117.50033 1 244.307 ~141.697 57.7882

2 291.733 -131.280 58,0517

3 318. 717 ~123.473 5042250

4 336.193 -116.395 5843419

5 347,304 -110.253 5804149

[ 354,703 ~104,42% 844671

1 3604162 -99.177 58.5014

] 364.364 -94,235 58.5309

$ 361.736 -89.434 58.5530
ABSOLUTE ABSOLLTE ABSOLUTE ABSOLUTE

STREAM. INE RLADTAL MASS-FLOW FERICIONAL AXIAL WHIRL ABSCLLTE MACH TCTAL TOTAL FLOY
HpMpER POSI TICN FUNCTION veLcemry VELOCITY VELOCITY VELCCITY NUFRER PRESSURE  TEPFERATURE ANGLE &
(IN) ({LRM/SEC) (FPS) (FPS) (FPS) (FPS) (1238 (DEG R) (DEG) &
1 1443410 0. 24403017 . 244,220 ~141.697 2024425 014776 57,1882 1589.81 -30.122 4
2 15.2177 1474115 291.733 290.729 -131.280 3154910 016748 58.0517 1589. 81 ~24.302 &
3 15.921 2R8.97701 518. 717 316.088 -123.473 341.798 0.17898 5842250 1589. 81 -21.337
4 1645749 43,56571 336,193 331.326 ~116.39% 359,172 0.18634 58,3419 1589.81 ~19.356 &
5 17.1902 58426208 347,304 339.703 -11C.2%) 364,384 0e19C88 58.4149 1589.81 -17.981 @4
[ Lr.7728 73.06154 354,783 344,016 ~1040426 369,032 0019375 58,4671 1589.81 -16.889 4
14 18.3323 A7.89034 360.162 355.041 =99.177 ° 173,568 0619372 48.5C14 1589.81 -16.001 &
] 18,8744 102, 71173 164,164 46,130 ~94.233 376,399 Ce19719 5845309 1589,.81 ~15.230

Q [

19,4000 117.50033 "387.736 34%5.299 ~89.434 378,435 0.19830 $8.5530 1589.81 -14.%22
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STRCAMLENE STATIC
NUMDER PRESSURL
{PSI)

56.948)
56.9707
56,9845
41,0005
57,0066
$7.01%4
57.0197
57.026%
57.031}%

COND VI wN~

PASS
NUMBER

120

STattc
{(OFG R)

1543.86
1582.18
1581410
1500.37
1579,91
1519,61
1579.41
1579.25
1579.13

ITERATIVE DETERMINATICN OF NERTOIONAL VELOCITY AT THE MEAM STREAMLINE

PRESSURE

LOSS BLADF~ROW
TEMPFRATURE COEFFICIENT EFFICIENCY

0.19606
0.14857
0.12176
0410481
0,0949)
0.ngas9
0.08418
0.CAO10
G.07671

0.85117
C.B8457
0.90657
Q.91784
0.9254%7
€.9107%
0.93444
0.93786
0.94074

MEQ TDICNAL

VELCCITY

AT THE MEAN  CALCULATED

STREAMLINE MASS FLOW

(FPS) (LBM/SEC)

347.304 117. 42445
347.528 117.505%84
347,511 117.4995%5

8 PASS

BLADE
VELOCITY
{FPS)

5e1.401
616.98%
645,748
672.174
6964598
72C.4719
743,288
T65.243
186.953

3

R
RELATIVE _
VELOCITY
(EPS)

763,253
803.124
832,635
B57.244
ATA, 788
898,094
916,223
933,522
950,044

ELATIVC RELATIVE RELATIVE
RACH TCIAL TOTAL
NUMBER PRESSLRE TEMPERATURE
tPST) (DEG M)
0.39933 63,2972 1627.27
0.42C41 64,0608 1630.24
0.43601 thab2C7 1632.76
G. 44900 65.1190 163%.13
Q46033 (99629 1637.4¢6
047049 85,9148 1639,171
0648004 6643693 1641.56
Q.48912 66,7558 1644, 19
Ce4978C 6741310 1640.19

STREAKL INE RER1D10NAL WHIRL
NUMBER VELCCITY  VELOCITY
(FPS) (FPS)

1 2444175 ~141.897
2 201,493  ~131.3C5
3 318,967  ~123.327
. 336.279  ~-116.241
s 347,34  ~110.129
1 354,735  ~1€4.340
7 360.063 -99,130
8 364.286 -94.217
9 367. 651 89,434
1 2840498 ~141.697
2 291.760  ~131.305
3 319,211 ~123,327
4 336.500  ~116.241
5 347,528  ~110.129
6 354.954  ~104.340
7 36C. 308 -99.130
e 364,499 -94.217
3 387,362 ~A9.434
1 244,469 ~141,697
2 291.739  ~131.305
3 319,192 ~123.327
It 336,492  ~116.241
s 347.511  ~110.129
¢ 354.937  ~104.340
1 360,292 ~99.130
" 364,402 -94,217

AASOLUTE
T0TAL

PRESSURE
(rst}

57.7882
58.C513
SA.2267
58.3430
SA.4155
58.4673
58.5016
58.5310
$8,8%30

57.7882
58.0513
$R.2267
58.3430
58.41%3
58.4673
56.5015
58.5310
58.5330

57.7082
58.0513
5842267
$8.3630
58.415%
Sa.4873
58,5045
98.9310

AELAT IVE
FLOW
ANGLE
(DEG)

-71.338
-68, 767
-67.001
~67,210
“67.177
=87, 384
=67.681
-66.004
-68,489
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STREAMLINE
NUHBER

WDNO RS W

STREAMLINE
NUBER

VBN RS WN o

RADIAL
PasITION
(1IN}

14,3400
15,2147
1549460
L6.6008
1742096
17.7870
18,3415
188780
19,4000

STATEC
PRESSURE
(PSI}

5643674
5649702
5643074
5609999
57.0063
97.0147
57,0190
57.0257
57.0304

PASS
NUMBE R

PASS~FLOW MERICIONAL

FUACTICN
(LBM/SEC)

0.
14.6948%
29,39616
44.05677
5B. 73606
73.42347
RB.11489

102.80733
117. 49955

STATIC

VELOCITY
(FPS}

2644469
291. 7319
319.192
3364492
3474511
3544937
3604292
364,482
367.846

PRESSURE
LOSS

AXTAL
VELOCITY
(FPS)

2444382
250739
316,509
331.539
339.81%
344.085
345.910
346,215
345,362

BLADE-ROW

TEMPERATURE- COEFFICIENT EFFICIENCY

{DEG R)

1583.86
1582.18
1581.08
1580436
1579.90
1579.61
1579.40
1579.24
1579.13

0.196C4
0014866
0.12132
0.10429
0.09472
VN8R4T
0,08411
0.08007
0.07670

0.85119
0.88450
0.90490
091809
0.92574
0.93085
0.93449
0.9378R
094074

ITERATIVE QETERMINATICN OF MERIDIONAL VELOCITY AT THE MEAN STREAFLINE

HERTOTUNAL
VELCCITY
AT THE REAN  CALCULATED
STREANMLINE MASS FLOW
{FPS) {LBN/SECY
347.511 117.4985%7

L 367: 846 ~89.434 58.5530
. APSCLUTE ARSGLUTE ABSOLUTE
WHIRL ABSCLLTE MACH TCTAL TOTAL
VELOCLTY VELCCITY - NUMBER PRESSULRE TEMPERATURE
(FPS) (FPS) {PSD) (DEG R}
-141.£97 2824565 C. 14784 57.7882 1589.61
-131.30% 315.526 0.16747 58.0513 1589.81
~123,327 342,189 0.17919 58.2267 1589.81
-116.251 356.004 0.18646 5843430 1589.81
~110.129 364,543 0.19097 98. 4159 15689.81
-104.340 365.556 0.19382 5844673 1589.81
-99,130 373.680 0.19578 58.5015 1589.81
-94,217 3760462 0.19725 58.5310 1589.81
=89.434 378.%62 0.19836 58.%5520 1589.81
RELATIVE RELATIVE RELATIVE
BLADE RELATIVE MACH ToTAL ToT AL
VELOCLTY VELCCITY NUMBER PRESSURE TEMPERATURE
(FPS) {FPS) (Pst) {CEG R}
581.401 763. 205 0.39936 63,2972 1627.27
61¢€. 866 402.039 C.42037 64,CIRT 1630.23
€46,512 833,388 Coh3ra) 64,6339 1632.84
£T73.C64 e5e.038 04646542 6541342 1635.22
697,744 879, 444 0.46070 655764 1637.%4
1214157 898. 569 0.4707¢ 65.98%9 1639, 17
743.638 91¢4552 C.4R021 66.375% 1642.00
765,399 933,686 0.4R8921 66, T585 1644.21
106.553 950.086 0.49782 87.131C 1646.39
©® CONVERGED PASS ©
ABSCLUTE
STREAFLINE MERIDIONAL WHIRL TCTAL
NURBER VELOCITY VELDCITY PRESSURE
(FPS) (Fes) st
1 264,462 ~141.697 57.78R2
2 291.1726 ~131.308 5A.0513
? 316.179 -121.331 5822566
4 33€.45) -11he239 38.34130
L] 347,511 -110.125 SR.415%
6 354,936 -104.337 S8.467)

ABSOLUTE
FLOW
ANGLE
{DEG)

-30.1086
~24.,305
-21.288
-19.321
-17.957
-16. 869
-15.991
-1%.223
-14.518

oN Seovre b PO

RELATIVE
FLON
ANGLE
{DFG)

Q

4

4
-71.327 @
-60.76& §
~67.6%1
~67.216 &
-67.187 &
-67.373 ¢
~67.68% &
-68.082
~68.483 &
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STREAMLINE
NUMBER

STREANLINE
NWMRER

122

DD NCNP -

OR NGO WS N -

RADIAL
POSITION
tIN)

14,3400
In.2143
15,9654
16.56011
17.21CL
17. 7875
18,3419
18.8782
19. 4000

STATIC
PRESSURL
sy

56,94 T4
5649702
S6. 78716
56,9998
57.0052
Sl.0147
57.0193
57,0257
57.0304

STREAMLFNL

WHIRL
VELOCITY
tFPS}

-141.697
-131.3C8
=-123.331
-116.239
-110.125
-104.337
-97.128
-94.216
-89.434

BLADE
VELOCITY
tFpS)

581.401
616,849
646,491
673.C74
697.766
T21.178
163,657
765.397
785.5%3

D -

DDNRAPS DN -

36C. 250
364,400
367.843

244,488
291.731
319.183
336,497
347.515
354,940
3604294
364,404
367.647

ABSCLLTE
VELOCITY
(FPS)

262,564
319.920
342.182
356.C08
384,548
366.557
373%.682
376.46%
378.563

R
RELATIVE
VELOCITY
(FP$)

163.2C5
802.024
833.369
850.CA7
879.463
8908.587
91¢.564
933.€93
9%50.087

¢ STAGE 1 PERFOIRANCE 99

347.51% 117.50011
PASS-FLOW MERIDIGNAL AX 1AL
FUNCTION VELOCITY VELOCITY
(LBM/SEC) (FPS) (FPS)

0. 244,468 244,381
14.68760 291.731 250,732
29.37555 319.183 316,502
44.06326 3364497 331.544
58. 75059 387.515 339.816
73.43786 354.940 344,085
88.12521 3604294 343,909

102.81263 364 .484 346,216

117.50011 367.847 345,363

STREAMLINE

STATIC SLOPE STREARLINE
TERPFRATURE ANGLE CURVATURE

{0DEG R) {CEG) (PER 1IN}

1583.86 1.52¢ 0.

1582.18 4743 Q.

1581.08 Te 432 C.
1580.36 9.843 0.
1579.90 12.083 0.
1579.61 14.206 0.
1579.40 16.24% Q.
1879.24 18.217 9.
1579.13 20.136 Ce

STATOR
PRESSURE
STATGR ROTOR L0SsS

ROTCR
PRESSURE
Loss

STATCR
BLADF ROW B

-99.128
-94.216
~89.434

~161.697
-131.308
=-123.331
-116.239
-110.125
-104.337
-99.128
-96.216
~89.5434

ABSOLUTE &
MACH

NURRER PRESSURE TEPPERATURE
(PS1) ({CEG R)
C.14784 57.78R2 1589.81
0.16747 58.0513 1%539.81
0.17918 5842266 1569,.01
C.18667 58.3430 1589.81
0.19C97 50.415% 1589.81
0.19382 58. 4673 15A9.81
0.19578 585016 1589.61
0.1972% 5805310 1589.01
0.19836 $8.9%30 1389.61
ELATIVE RELATIVE RELATIVE
MACH JOTAL TOTAL
NUPRER PRESSURE TEFPERATURE
(PS1) (DEG R)
039936 63,2972 1627.27
C. 42036 64.0384 1630.2)
0.43840 64,6338 1632.63
0.46942 65.1343 1635.22
C.406071 63.9768 1637.54
0.47077 6% .9962 1839.70
0.48022 66.37%9 1642.00
0.48921 66.7587 1646,21
0.49782 67.131¢C 1646.39
ROTCR ACTCR STAGE
LADE RCW [SENTRIPIC JSENTROPIC

585016
5849310
5845530

57.7882
58.0513
5842260
583430
5846155
58.4673
58.5016
58+9310
5845330

BSCLUTE A
TaL

BSOLUTE
ToTAL

ADSOLUTE
FLOK
ANGLE
LDEG)

-30.108
=24.306
~21.289
~19.321
-17.936
=16.869
-1%.991
-1%.223
-14,518

RELATIVE
FLOW
ANGLE
{DEG)

~T1.327
~68.704
-67.6%1
=-67.216
-67.107
-67,373
-67.60%
~68.063
-00.403

oD o
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HUBAER

CRNIPVIOWN-

NEACTION

0435100
0038111
040836
0,42813
0054697
0046345
0,47831
0,49195
0050642

REACTION

0.60793
0053317
0.47829
0043760
00407060
0.36688
0037269
0036404
0035902

COEFFICIENT COEFFICEIERT EFFICIENCY EFFICIFNCY EFFICIENCY EFFICTENCY

0,10300
0.10C80
0.C9992
0420051
¢.10119
0.1018%
0.10328
0.10533
0,10800

Cel980%
Galbe67
012133
G.10528
000947
0008847
0.08411
0.08007
0,07¢70

C.91561
0.91£68
0.91687
0.51600
Ce91511
0491427
0.91288
€.91102
€.90872

0 AASS-AVERAGED QUAHTLTIES @

STOTOR ALADE-ROM EFFICIENCY =
ROTOR ELADE-ROYH EFFICIENCY

STAGE KORK

STAGE TOTZAL EFFICIENCY
STAGE STATIC EFFICIENCY
STAGE GLADE- TO JET-SPEEC RATIO

Ce§1437
0091¢55

240132
0.09662
0.82€33
0.36510

0.85119
0. 88449
Ce 90489
0.91810Q
0.92575
0.93085
093450
0.93789
0. 94C74

BTU PER LBF

0.9186%
0.93121
0093943
094491
0.,94771
0.94934
0.95026
0.95123
0.99200

C.882C0
0.8901%
C.89494
0.897¢8
0.89878
C.89963
C.8999%
0.90047
0.901C0
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98 SPOCL PERFORMANCE SUPBARY {MASS-AVERAGED QUANTITIES) ses

SPAGL WORK = 244132 BTU PER LBF
SPNOL PDMER =  4011.81 HP
$POOL TCTAL- TO TOTAL-PRESSURE RATIO = 1.27253
SPCOL TOTAL~ TC STATIC-PRESSURE RATIN = l.3C237
SPOOL TOTAL EFFICEENCY o  0.89882
SPOOL STATIC EFFICIENCY = 0.08203)
SPCCL BLADE~ TO JEV-SPEED RATIO o  (0.%0410
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NORTHERN RESEARCH AND ENGINEERING CORPORATION

DATA INPUT SHEET

* Five identical values of RSXT are here specified to simplify the specifi-

cation of input quantities. However, for computer systems which do not

L

ENGINEER: __ FKL PROJECT: __ AXIAL TURBINE DESIGN PROJECT NO* _]}25
TITLE: SAMPLE CASE |V SHEET: _1__ OF
LOCATION

0[7 1N Il}. 24|88 30 b 1124 4243 48]49 “kl [ .30 ] [ 11024 T2
NASA M1 PUMP TURBINE, HIRST STAGE

1 1 1 1 L i

0 2 2 0 1 0 0 0

1 1 - 1 4 1
$NAM]1 1 _ 1 1 i 1
NSPOOL=1, NAV=3,NLINES=5,GASC=53. 3, FlLWM=6. 808,

) 1 1 1 & i
NLT=1,RLT(1)=11.5875,TOLT(1)=518.7,POLT(1)=14.606,BETLT(1)=P $
$NAMZL 1 1 i 1 1
RPM=2815.4 HP=198.03,NSTG=1,FHP (1)1,CP(1)=3%.28s, | .
XSTAT (1)=0,]1,3.5,4.6,6,[RANN(1, 1) =5410.8413,

i i 1 1 1 L
RANN(&LZ)=5.':]2.33137’ 1 1 1 1
NXT=5, ISONIEC (1)=1,RNXT ({1 ,1)=10.8413},11.2144,11.5875, 11. 9606}, 12.3337,
WRL (1, 1)=5%7k. 5, 1POF (1)FO, XMIX (1, 1)E5%0, XMIX(1,R) =5+ 1, N
YCON(11)=.055,.15,1.6,1.0,0.0,.03,.157255,31.6,1.0, ) o
YOSS (1, 1)=5¢3.4,RSXT (1,|1)=5%11.0,Y08S (1,2)=5%1.p $

i 1 1 A L | .
$NAMZ[ 1 A 1 L y
IPOF (1)=1,POF (1,1)=0.0,}. 24810605, . 49747474, . 748]10605,1.0 $ L
$NAM21 Y ] i 1 1 i O
IPOF (1)=1,PpF (1,1)=0.0,|. 24617346, . 4O4BI795, . 746[1 7346, 1.0 § .

L i 1 L A 5

AL 1 '3 1 H i

set a division by zero equal to zero, monotonically increasing values of
RSXT should be specified.
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¢ PROGRAM TD — AERODYNAPIC CALCLLATIONS FOR THE OESIGHh OF AXIAL TURDINES °*°

HASA M1 PURP TURBINE, FIRST STAGE

©00 GENERAL INPUT DATA 00¢

NUHBER OF SPOOLS o 1
KUMBER OF SETS OF ANALYSIS VARIABLES 3
NUHBER OF STREARLINES o 5

GAS CCNSTANT = $3.3CC0C LBF FY/LBR OEG R
IKLET HASS FLOY = 6+8CB0C LBP/SEC

© TABULAR INLETV SPECIFICATIONS ©

RACIAL TOTAL T0TAL ABSOLUTE
COORDINATE  TEMPERATURE  PRESSURE FLOU AKGLE
tIN} {DEG R) wesn (DEG)

11.5875 318.70 16.656¢C 0.
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és¢ SPLOL INPLT DATA e3¢

®¢ DESIGN RECUIREMENTS o#

ROTATIVE SPEED » 2815.4 RPM
PONER OUTPUT = 198.C3 HP

o9 SET 1 OF ANALYSIS VARIABLES ¢¢
NUMBER OF STAGES ¢ 1
© PUWER-OQUTPUT SPLIT

FRACTION OF
STAGE NUMBER  SPOOL PCNER OLTPUT

T 1.ccCCC

® SPECIFIC~HEAT SPECIFICATICN ®

DESIGN STATION NUMBER SPECIFIC HEAT
tstu/LeN DEG R)

1 C.24C0C

2 C.24CCC

3 C.24C00

© ANNULUS SPECIFICATICA o

STATION NUMBER AXIAL POSTTION HLB RADIUS
(IN) (IN}
1 0. 10. 8512
2 1.0000 10.£412
-3 3.5000 10.8413
4 4.6000 10. 8413
5 6.0000 10,8413

CASING RADIUS
(3.1

12.3337
1243337
12.3337
12.3337
12.3337
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Ys
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TAN(INLET AAGLF) + TANUEXIT ANGLE)

® MIXINC COEFFIC JENTS @

STREAKLINE
NUMBER

W N

® BLACE-ROW EXIT CONDITIONS o

RADIAL
sraror 1 POSITICI
(IN)

10.8413
11e2144
11.5875
11.9606
123337

BLADE
ROW
1

N

BLADE

RCW
F

1.CC0C0
1.CCCCC
1.0€000
1.000C0
t.0ccce

WHIRL
ANGLE
{DEG)

T4eCC
74.2CC
74.300
74,5900
74.%00

ROND TFENSTONAL
STREAMLINE  POWER OUTPUT

RCTOR 1 NUMBER F

(VI XYY

UNCTION

0.

0.2%000
0. %00C0
0.75CCC
1.0C000

ADDITIONAL
LessS
FACTIOR
3,40000
3.40000
3.4CC00
3. 40000
3.40000
ADDITICNAL
RADTAL LCSS
POSITION FACTOR
(34,1}
11.0000 1.00000
11,0000 1.00000
11.0000 1.00000
11.0000 1.00000
t1.0000 1.00000

¢ BASIC INTERNAL LOSS CORRELATICN ¢

1. 00NQLO0 ¢+ 0.

TH

STINES
¢ COSLEXIT ANGLE)

10.02995599 ¢ 0,1%5725499 * {V RATIO)®® 3,60)
*
10,05500000 ¢ 0.15CCOCOC #{{V RATID)~0,600))

PR SSURE-LOSS COEFFICIENT COMPUTED IX THIS MANNER MAY NOT EXCEED A LIPIT COF

T1F {V RATIC) oLT. 0.60000000 &
1F LV RATIO) oGT. 060000000 &

1.£0000000



o8¢ CUTPUT OF SPODL CESIGN ANALYSIS (SEY t CF ANALYSES VARIABLES) #es
*¢ STATOR INLET § os

AB:EEUTE ABSCLLTE ABSOLUTE ABSOLUTE o
H

STIREAMLINE  RADIAL MASS-FLON MERICIONAL AXTAL MAIRL ABSCLLTE T0TAL ToTaL FLON
NU4RER PUSITICY  FUNCTION  VELCCEITY  VELOCITY  VELCCETY  VELOCITY NUMBER PRESSURE TEFPERATURE  ANGLE 4
N {LBM/SEC) (FPS) (FPS) (FPS) tEPS) tps1) togG m) (DEG) 4
1 10.8413 . 118540 118,540 e 118,540 0.10637 14,8960 s18.70 0. 4
2 11.2330 1.70200 118,540 118,540 Qe 118,540 0.10637 14,6960 S18. 70 0. N
3 11,6115 3440400 1184540 118,540 0. 118,340 0.10637 14,6960 818,10 e
s 11,9740 . 5.10600  118.540 118.540 0. 118,540 0,10637 14,6960 518.70 0. .
5 12,3337 6.80800  118.540 118,540 0. 118,540 0410637 14.¢3980 S18.70 - 0. 4
. STREAKLINE
STREAMLINE  STATIC STATIC SLOPE  STREAKLINE
NUMBER PRESSURE  TEMPERATURE  ANGLE CURVATURE
(ST} (DEG R) (CEE) {PER IN)
1 14,5802 51753 Oe Qe
2 14.5802 51753 Oe Qs
3 16,5802 517.53 0. s
4 14,5802 517453 Qe 0.
s 14.5802 517453 . 0.
*¢ STATOR | MIXED AND/OR COOLED CUANTITIES ¢
ABSOLUTE  ABSCLLTE
STREANLINE T0TAL TCTIAL
HUNBER PRESSURE  TEMPERATURE
(PST)  °  (DEG R}
1 14,6960 $18.70
2 14,6960 518,70
3 146560 s18.7¢
4 14,6960 s18.70
s 14.69¢0 518.10
129
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89 STATOR EXIV — ROTOR INLET 1 s

ABSOLUTE ABSCLUTE ABSOLUTE ABSOLUTE ©
FLOW

STREQ KLIKE RADI AL HASS-FLCY PERIDIONAL AX TAL NHIRL ABSCLUTE HACH TOTAL mraL
NUABER PCSITINN FUNCTICN VELOCITY VELOCITY VELOCITY VELOCITY NUMBER PRESSURE TEMPERATURE ANGLE @
tIN) {LAM/SEC) (FPS)} (FPS) (FPS) (FPS) (PST) (CEG R) (DEG) &
i 10.8413 0. 3868+078 388.078 1399.363 1452.178 1.60C11 1l.4604 518.70 T4.500 4
2 11.2576 1. 10207 3754612 375.612 1354.41% 1605.531 1.52428 11.5603 318.70 75.300 o
3 11.6604 . 4N41S 364,965 364.965% 131€.C23 1365.692 1446224 11,6433 51870 744500
4 11,9978 5.10620 3554670 355.670 1282.506 133¢.910 1440994 11.7191 518.70 T4.500 ©
H] 12.3337 6.80825 3s7.4921 347.421 1252. 758 1300.040 1.36487 11.7889 518.70 T4.500 ¢
. STREAHLINE RELATIVE RELATIVE RELATIVE RELATIVE ¢
STREARLINS STATIC STATIC SLOPE STREAML INE BLADE RELATIVE HACH ToTaL TOTAL FLONW
KUABER PRESSURE TEMPLRATURE ANGLE CURVATURE  VELOCLTY VELCCITY KUPRER PRESSLRE  TEMPERATURE ANGLE &
ipsty (OFG R) (DEG) (PER IN) {FPS) LFPS) (pst) (DEG R} {DEF* ¢
1 2.46984 343,22 0. Q. 2664360 1197.623 131963 76176 462,57 T1.093 §
2 3.04G7 354431 [+ 2 [+ 28 276.588 1141.398 1.23783 Te7479 482,72 70.767 &
3 343493 363.50 O. 0. 285.993 1092. 777 1417003 7.8123 462,07 T0+489
& 3. 6322 3r1.30 0. 0. 294.763 1046. 827 1.11217 7.0719 483,02 70197 o
L] 3.8923 378,06 O. C. 303,027 1C11.202 1.06171 T.9270 463%.108 89.907 A
98 . RUTOR | KRIXED ANO/CR COOLED QUANTITIES e
ABSOLUTE ABSOLUTE RELATIVE RELATIVE
STREAKLIKE TOTAL TOTAL JOTAL TOTAL
KUHBER PRESSURE TEFPERATURE PRESSURE TEMPERATURE
s1) (DEG R) {PSn) (DEG R)
1 11.6378 518.70 7.7611 462057
2 11.6378 518.70 T7599 462.72
3 11.6378 $18.70 70086 462.87
4 11.6378 518.70 T.8173 463,02
k] 11.4378 518.70 1.8260 453416
o0 STAGE EXIV § o9
ABSOLUTE ABSCLUTE ABSOLUTE ABSOLUTE ¢
STREAKL INE RADTAL MASS~-FLOY PERICIONAL axIAL il ABSCLUTE MACK TOTAL TOTAL FLOY
NURBER PUSITI BN FURCTICON VELCCITY VELOCITY VELCCITY VELQCLTY KURBER PRESSLRE TEPPERATURE ANGLE &

(L H] (LBR/SEC) LFPS) (FPS) (13 1] (FPS) test) (DEG R} (DEG) @
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10,8513
11.3610
11l. 7281
12,0462
12.3337

VIWUN

STREAHL INE STATIC
RUHBER PRESSURE
iPsty

3eB6 3
3.542)
3.5H38
3,61
3,650%

WD N e

Qo

1.78326
3.71685
5.54748
7.37189

STATIC

229,678
1844434
4364511
469.116
496,121

PRESSURE
Lnss

229.678
384,434
4360511
4690116
4940121

BLADE-ROY

TEPPERATURE COEFFICIENT EFFICIENCY

{DEG R}

405,00
399,70
398,00
396,97
395,18

CALCULATION ABANDONED 0N PASS

1.Cu0CO
0.,79218
0,68989
002236
0036970

06622006
0.67560
0070359
0,72318
0073943

~533.091
~502,855
-4§80.153
-461.856
“4435,863

BLADE
VELOCITY
tFPS)

2650360
278,636
2680148
295096%
3030027

58C.463
632.97%
6484914
658.316
650549

RELATIVE
VELCCITY
(FPS)

831,789
87C. 930
0030249
891.269
097.214

0.58e8C
0.64630
0,66399
0. 67548
0,68257

RELATIVE
HACH
NUHBER

0.86373
0.88927
0.90416
0.91318
0.92017

405055
446903
458166
449088
4,98%7

RELATIVE
TGTAL
PRESSURE
PS 1)

36773
9.9211
6.0070
642092
603100

433,04
433,04
433.C%
433,04
433,08

RELAT IVE
T0T78L
TEQPERATURE
(CEG N}
462057
452.02
462097

4063407
403010

-06.692
=52+602
=47. 726
~44,4553
«42.001

DO o

RELATIVE

-53.005
«004 397
~500,241

Q
Q
]
~73.971 Q
0
M
=-300903 ¢

3 BFCAUSE OF TUD REPEVITIONS OF A HEANLINE PERIDIONAL VELOCITY WITWOUT RASS FLOL CONVERGEREE O
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*s PROGRAP TD - AERODYNAMIC CALCLLATIONS FOR THE GESIGN OF AXIAL TURBINES ¢¢

NASA M1 PUMP TURBINE, FIRST STAGE

ee0 GENERAL INPUT DATA ses

KUMBER OF SPOOLS '» 1
NUNBER OF SETS OF ANALYSIS VARIABLES = 3
. NUMBER OF STREAPLINES = S

GAS CUNSTANT =«  $3,3(00C LBF F¥/LBM DEG R
IHLEY MASS FLOW = €. 8C80C LBN/SEC

& TABULAR INLET SPECIFICATIONS ®

RAGTAL TOTAL TQTAL ABSOLUTE
COORDINATE  TEMPERATURE  PRESSURE FLGh ANGLE
(1IN} (DEG R) (Pt} {DEG)

11,5878 518.70 142656C -1
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e8¢ SPODL INPUT DATA e

¢ DESIGR REQUIREFENTS ¢

ROTATIVE SPEED = 2815.4 AP
POMER OUTPUT = 198.03 HP

#8 SET 2 OF ANALYSIS VARIABLES s

HUMBER OF STAGES = )

® POXER-OUTPUT SPLIT *

) FRACTION OF
STAGE NUMBER  SPOOL POWER OLTPUT

1 1.CCC00

® SPECIFIC-HEAT SPECIFICATICN ®

CESIGN STATION NUMBER SPECIFIC HEAY
{BTU/LBR DEG R}

1 C.24CCC

2 Ce24CCC

3 Ce24C0C

¢ ANNULUS SPECIFICATICN o

STATION NUNBER AX IAL POSTTICH HJB RADIUS
(1N (IN)
1 [ 28 10.8412
2 1.000C 1C.8413
3 3.5000 10.8412
T4 4.6000 10. 8413
5 6.0000 10.8412

CASING RADIUS
(L}

12.3337
12,3337
12.3337
1243337
12.3337
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Yo -

starca t

STREAMLINE
KURBER

ROYOR §

TANCINLET AKGLEY} ¢ TAN(EXIT ANGLE}

§. 01000000 ¢ 0.

134

¢ COSCEXIT 2KGLE)D

¢ RIXING COEFFICIENTS ¢

STREAML {NE BLADE

NURBER R0YH
1
1 0.
2 0.
3 0.
5 0.
s o.

BLADE

RCH
2

t.cC0C0
1.00000
1.000C0
f.0C0C0
1.ccoco

© BLADE~ROY EXIT CONDITIONS ¢

PN

RADIAL
POSITION
tIN)

10.8413
1l.2144
11,9815
11.9606
12.3337

HEIRL
ANGLE
(CEG)

T4.50C
T4 5CC
T44500
T4.8CC
T4.200

HORD IVERSIONAL

FUNCTION

Ce

0,24811
0,45747
0.74811
1. C00CO

PGHER QUTPUY

apD] TIONAL
L0SS
FACTOR
3450000
3.4C000
3.4CC00
3. 40C00
3.40000
ADCITICHNAL
RaDTAL LSS
POSEITION FACTOR
(1K)
11,0000 1.00000
11.00CC 1.00000
11.CCCO 1.0C000
11.0000 1.00000
11.0000 1.00000

¢ BASIC INTERNAL LOSS CORRELATICR ©

(0402999999 © Q013725496 ¢ (V RATIONO00 3,60)

OFIHESY

(0005500000 ¢ G,1900000C ¢{IV RATIOI-0,600))

THr PRESSURE-LOSS CGEFFICIENT COHPUTED IN TIS FANNER RAV ROT EXCEED A LIRIT CF

1 (Vv RATLI0) LT, 0,8C000000 O
I? tv RATIO) oGT. 0,60000000 Q

1.00000000



STREAMLINE
HUMBER

Lo R NN

STRCAMLENKE
NUHBER

VAW N -

RADTAL
POSITICH
mnn

10.8613
11.2330
11.6)1>
11.9780
12,3337

. STATIC
PRESSURE
PS1)

1445802
14.5802
14,5802
14,5902
1445802

sos CUTPUT OF SPOOL CESIGN ANALYSIS (SET 2 OF ANALYS1IS VARIABLES) 200

HASS-FLOM FERICICNAL

FURCTICH YELOCITY
(LAN/SED) {FPS)
Q. 118,540
1.70200 118.5640
3. 40400 LAS550
5.10600 11B. 540
6.80800 118,540
STREAFLINE
STATLIC SLOPE
TEMPERATURE ANGLE
{DEG R) (DEG)
517453 Qe
517.53 0.
51753 0,
51753 0.
51753 C.

80 STATCR INLET § o0

sx1AL
YELOCETY
tFPS)

118+ 540
118,540
118-540
110.540
1184540

STREAKL INE
CURVATURE
(PER IR)

Q.
Ce
0o
[
0.

KHIRL

VELOCIIY

{FPSY

ABSCLLUTE
VELLCITY
{FPS)

11€.54C
118,540
1184240
118,240
118,540

ABSOLUTE
HACH
HUPRER

G.10637
0.10637
0.10637
Ce10637
0.10¢37

*% STATOR 1 MIXED AKD/OR COOLEC QUANYITIES o9

STREANLEINE
NUFBER

VS wN -

ABSQLUTE
TovaL

PRESSURE
sty

148960
15.6960
14.6960
14,6960
15,6500

ABSCLLTE
TOTAL
TEMPERATURE
(0eG @l

518.70
518,70
518.70
518.70
518.72

ABSOLLTE
107TAL

PRESSURE
esh)

14,6950
15,6950
14,6960
14,6960
14,6950

VS

AESOLUTE
TOTAL
TERPERATURE
{DEG I}

518.70
91070
518,70
310070
51070

A0SCLUTE o

Loy
ANGLE
{DEG)
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#* STATOR EXIT - RCTOR INLET 1 @&

ABSOLUTE ABSCLUTE ABSOLUTE ABSOLUTE &

STREANL INS RADEAL MASS~FLCW  MERTDICNAL AXT8L wHIRL ABSCLLIE MACH TCTAL TOT AL FLOW
NUMBER POSETIGN FUNGCTION VELCClTy VELOCITY VELCCITY VELCCITY NUMBER PRESSURE TEFPPERATURE ANGLE &
(1IN} (LBM/SEC) (FPS) (FPS}) (FPS) (FPS) (PSI) (DEG R} (0EG) &
1 10.8413 0. ABR.0O78 388.CTR 1399.36) 1452.178 1.60011 11.4684 s18,70 74,300 ¢
2 11.2% 10 1.70207 175,832 37%.612 1356,411 140%.%31 132420 11.%603 318,70 74.300 &

3 11,8404 1e4041% 364,963 164 .96% 1318.€2Y 1388.8692 leb6224 11.464Y) 318,70 74.500
4 tl.v27e %.10620 355.670 355.67C 1282.%08 1330.910 1.40994 11.7191 518.70 TA.500 A
S5 12,3337 6.80825 387.42L 34T7.421 1252.158 1300.040 1e 36487 11.7889 S18.70 Tho500 o
STREAMLINE RELATIVE RELATIVE RELATIVE RELATIVE &

STREAMLINE Sta¥ic STaTIC SLOPE STREAML INE BLADE RELATIVE MACH TOTAL TOTAL FLOW
NUMBER PRESSURE TEMPYRATURE ANGLE CURVATURE VELOCITY VELGCITY NUMBER PRESSLRE TEFPERATURE ANGLE o
sty {DEG R} {CEG) {PER [N} (FPS} (FPS) (ps1) (DEG R} ({DEGY o
1 2.698% 363622 Oe 0. 2664260 1157.623 1,31963 T+6776 462,57 71.093 &
2 3. 0407 354.31 [ 28 [+ 8 2764588 1141.298 1. 23783 T7479 462472 70.787 &

3 3,3499 363.50 Q. 0. 285.5M 1692. 717 1.17003 T.8123 462.87 70489
4 3.6322 371.30 0. 0. 294.782 1C45.827 1.112)7 78719 463,02 70.197 &
5 3.8923 318.08 0O O. 303.027 1c11.282 1.06171 T«9276 483410 69.907 &

#s ROTGR 1 MIXED AND/OR CNOLED CUANTITIES e¢

ABSCLUTE ABSOLUTE RELATIVE RELATIVE

STREARL INE TOTAL TCTAL ICTAL T0TAL
NU¥RER PRESSURF TEMPERATHRE PRESSLRE TEFPERATURE

(PSIL} (DEG R} ({21 {DEG R)

1 11.6278 518.70 T7.7911 462,57

2 11,6378 518,70 77599 482,72

3 11.8378 518.70 7.8C86 462,87

& 11.4378 518.70 1.8173 463,02

s 11.6378 518.70 7.8260 463.16

*& STAGE EXIT } #*

ABSOLLTE ABSCLLYF ABSOLUTE ABSOLUTE &

STREAML INE Rantat MASS-FLOW  MERICICNAL FAXIAL WHIRL ABSCLLTE MACH TOTAL TaTAL FLOw
NIMARER FOSLEICN FUNCTICN veLoCcITY VELOCITY VELOCITY NVELCCITY NUPBER PRE SSURE TFMPERATURE ANGLE &
ttw {LBN/SEC) {FPS) 1FPS) IFPS) 1FPS) 1951} {DEG R) IDEG) ¢
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PPy

STRUAML INE
NUHBFR

A R

10.R413
ti.30n
Llenn}s
12.u207
12.337

STATIC
PRESSURE
(Ps1}

3. 6048
I. 618D
3.6597
3.6963
37202

STREAHL [HE
AUMBLCR

WS N

0.

1. 700176
3.40376
5.10%43
6. BDT49

STATIC
TEMPERATURE
{0LG R)

405.91
4N2.67
401.40
400,63
400,05

STATUR
REACTION

0.08163
0.08434
0.08A80
N.08907
0.,09118

269,445
1534197
3an.512
402,320
414,240

STRFAMLINE

SLOPE
ANGLE
(NEG)

RUTOR
REACTICN

let5134
1.34293
1.2709>
121216
lel6122

269.445
353.7199
3844512
4C2.320
416.240

STREAML INE
CURVATURE

(PER IN)

~513.571
~494.971
-481.995
“4T1.¢40
-463.023

BLADE
VELOCITY
{FPS)

266,360
277.023
287.047
295.336
303.C27

¢ STAGE | PERFORNANCE ¢+

STAINR
PRESSURE

0.36803
0.16206
£.36809
0436812
0436815

ROTOR
PRESSLRE

1.00CC0
D.A411%
Ce 75C56
Ce6B764
0.53787

¢ MASS~AVERAGED QUARTITIES »

STATQR 8LA0E-ROW EFFICIENCY

ROTCR BLACE-ROW EFFICIENCY

STAGE

575.962 0.50762 4.5536 433,30
6CR. 416 C.61893 4.060643 433,47
61€6.574 0.62823 4. 7739 433,04
€19.524 0463225 4.8376 432,60
621.277 0.63408 4.8880 432.17
RELATIVE RELATIVE RELATIVE
RELATIVE MACH TCTAL TOTAL
VELCCITY NUMBER PRESSLRE TEFPERATURE
(FPS) (PSIY (DEG R}
82%.162 0.83606 5.6980 -462.57
245,531 0.B6463 $.8912 462.78
€55.811 0.876C5 540314 462492
86¢&,C91 0.88331 6.1392 463,04
8IC. €T 0.88882 64230% 463.18
STATOR ROTCR RCICR STAGE
LCSS SS BLADE ROMW BLADE ROWm [ISFNTRCPIC ISENTRCPIC
COEFFICIENT CDEFF!C'EN' EFFICIENCY EFFICIENCY EFFICIENCY EFFICIENCY
0.8821% Ce 62036 0.70%49 0.575%19
C.£7513 0085947 0072302 C.59017
CeB6912 0.68293 0.73513 0.601¢&3
Ce.861386 Os 706C23 074380 0.61079
Ce.£€5418 Qe T14ABY 075084 0.61877
Ca 88969
Ge£ 7753
20.%89 ATU PER LBP
QQ’Q91

STAGE YOTAL EFFXC
srinE m,zusr la 4”»"

i

HEH

~62316
~S4.443
~51.419
-49,53%
-48.183

»e o>

RELATIVE
FLOW
ANGLE
toEG?

=70.941
~65.401
-63.435
~62.321
~61.598

os b Ps »
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¢o¢ SPOOL PERFORMAHCE SUFMARY (MASS—AVERAGEC GUANTITIES) dee

SPODL WORK

SPOOL POWER

SPCCL TCTAL~ TD TOTAL-PRESSURE RATIN
SPOCL TOTAL- TO STATIC-PRESSURE RATIO
SPOCL TOTAL EFFICIENCY

SPOOL STATIC EFFICIENCY

SPCOL BLADE- TQ JET-SPEED RATID

2C.559 BTU PER LBM
198,03 HP
3.09118
4.C1%01
0.59975
0.20432
c.2cCce



¢¢ PROGRAK TC ~ AERADYNAMIC CALCLLATIONS FOR THE CESIGM OF AXIAL TURBINES °*¢

NASA M1 PUKP TURBINE, FIRST STAGE

*e9 GENERAL [NPUT DATA se¢o

NUMBER CF SPOOLS = 1
NUMBER OF SETS OF ANALYSTS, VARIABLES 3
KUMBER OF STREAMLINES = 5

GAS CCNSYANT =  53,3C00C LBF FT/LBM DEG R
INLET MASS FLOW » 6.8C000 LBM/SEC

© TABULAR INLET SPECIFICATIONS ®

RACIAL TOTAL T0TAL ABSOLUTE
COORDINATE  TEMPERATURE  PRESSURE FLO® ANGLE
(18 (DEG R} tesy {DEG)

11.5875 518.70 14.656C 0.
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s SPODL JNPUT DATA so¢

®8 DESTGN RECUIRFNENTS o9
ROTATIVE SPEEC » 2815.4 RPM
PONER QUTPUT = }198.C3 Hp

9¢ SET 3 OF ANALYS{S VARIABLES ®¢

NUMBER OF STAGES = §

¢ POWER-OUTPUT SPLIT o
PRALTION OF
STAGE NURBER  SPONL PCWER GLIPUY
1 1eccece

® APEGIFIGSHEAT SMUGIPIGATIER 0

CESEEN STATION NLMBER SPECIFIC HEAY
tBTU/LBR DEC R}

C.24C0C
C.24C0C
C.24C00

- R

® AKNULUS SPECIFICATICN o

STATICN NUMAER AXIAL POSITIGN HLB RADIUS
tIN) [RLE]
1 0. 1C. 2413
2 1.0n00 10,6413
3 3.5000 1C.8413
4 4. 6000 10,8413
L) 640000 10,8413

CASING RADIUS
(L}

12.3337
12.3337
123337
123337
12.3337



TANCINLET ANGLE) ¢ TAN(EXIT ANGLE)

® MIXING COEFFICIENTS ©

STREAML INE BLADE
NURBER ROW
1
1 Ce
2 Ce
3 O.
4 0.
5 O

8LADE
RCW

2

1.0ccCo
1.CCCCO
1.0€0C0
1.0C0CO
L.cccco

® BLADE-ROW EXIT CONDITIONS ®

RADTAL
STATOR 1 POSIT1O
{IN)

10.8413
112144
11.5875
11.960¢
1243337

N

WEIRL
ANGLE
(DEG)

74.%5C0
T4e.5CC
T4.500
T4.500
74500

NOND IMENSEONAL
STREAMLINE POKER CUTPUT

RCTOR 1 NUMBER F

VPN -

UNCTION

Qe

0.24617
0.49430
0.74617
1.ccaco

ADDITIONAL
LOSS
FACTOR
3.40000
3.40000
3.40C00
3.4€C00
3.40000
ADDITICNAL
RADIAL LOSS
POSITICN FACTOR
{1N)
11.0000 1.Q0000
11.0000 1.00000
11.CCCO 1.00000
11.0000 1.00000
11.0000 1.00000

® BASIC INTERNAL LOSS CORRELATICN

1. 100000000 # 0.

*
& COS{EXIT ANGLE}

1002995959 & 0.1%725495 ¢ (V RATIOI®® 3,40)
*
10.055CCC00 + 0.15CCOCO0 #{(V RATIO)-0.4001)

THE PRESSURFE-LOSS COEFFICIENT COMPUTED IR THIS MANNER MAY NOT EXCEED A LIMIY OF

1F (Vv RATIO) .LT7. 0.6000CC00
IF (V RATIO) <GV 0.60000000 &

1. £CCCOG00
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STREAMLINE RADIAL

NUNBFR

WS wN -

PCSITICN
(N

10,8613
11.23130
11,6115
t1l.9780
12,3337

STREAML INE STATIC

NIMBER

WP N

142

PRESSURE
{Pst)

14,5R02
14,5802
14,5892
14,5802
14,5802

¢s¢ CUTPUT OF SPOOL LESIGN ANALYSIS {SET

MASS~FLOMW
FUNCTICN
(LEP/SEC)

0.

1. 70200
3.4C400
5.10600
6.80800

STATIC

TEMPERATURE

(DEG R)

517.53
517.53
517.53
517.53
517.53

MERICICNAL
VELGCITY
(FPS)

118,540
118,540
118,540
118,540
118,540

STREAMLINE
SLOPE
ANGLE
{DEG)

®s STATCR INLET

AXTAL kHIRL
VELOCITY VELCCITY
(FPS) LFPS)
118.540 Ce
118,540 0.
118,540 Oe
118.540 [+ 2
118.540 [+ 24
STREANL INE
CURVATURE
{PER 1IN}
0.
[
0.
0.
0.

3 OF AMALYSES VARJAELES) wes

L 1]

ABSCLLTE
VELOCITY
(FP %)

112.540
1184540
1184540
118.540
118.540

ABSOLUTE
MACH
NUMBER

0.10637
0.10637
0.10637
0.10837
010637

¢% STATQk 1 MIXED ANC/OR COOLED CULANTITIES »e

ABSCLUTE

STREAMLINE

NUMBER

V-

TOtAL

PRESSURE

{PsS1)

14,4960
14,6960
14,6560
14.6960
14,6960

ABSCLLTE
TCTAL
TEMPERATURE
{DEG R)

518.70
518.70
518.70
518,70
518,70

ABSCLUTE
TOTAL

PRESSURE
{PST)

14.69€0
14,6960
14.6560
14.6960
14,6960

ABSOLUTE
TOTAL
TEMPERATURE
(DEG R)

518.70
51870
516.70
318.70
518.70

ABSOLUTE
FLOW
ANGLE
IDEG)

» opd » o



*s STATOR EXIT ~ RAOTAR (ALET 1 os

ABSGLUTE ABSOLUTE ABSOLUTE ABSOLUTE ¢
STREAKL INE RAUIAL MASS-FLCW NERIDIOMNAL AX 1AL WHIRL ABSOLUTE MACH TOTAL TOTAL FLON L ]
NUMBER PCSLITOY FUNCTICN vELOCITY VELOCITY VELOCITY VELOCITY NUMBER PRESSURE  TEMPERATURE ANGLE

() (LAM/SEC) (FPS}) {FPS) {FPS) (EPS) (PSI) (LEG R) (DEG) &
1 10.Fb1 5 0. 389,073 388,018 1399,3¢3 1452,178 1,60€11 1144684 518,70 716,500 §
2 11e2576 170207 3754612 3754612 13544413 140%,531 1,52428 11,5601 518,70 The500 4
3 1146004 $,40416 1644966 164,96k 1316,€2% 1163 ,692 LeA46224 11e641) 818,10 74,500 ¢
' 14e90 14 fiy}nk20 3590670 35%,670 ‘Iﬂlgﬂﬂh 13C,910 ‘.00990 llg?lﬂl HRe 10 14100
y [Pl W eHNR AR RLARLE N 1Al ILIRLL JCCoCAD 2LLLY IRYLIL] LTI Thet00 o
STREANLINE RELAYIVE RELATIVE RELAT IVE RELATIVE 4
STREA ML JNE STATIC STATIC SLOPE STREANL INE BLADE RELATIVE MACH TCTAL TOTAL FLON A
KUSBER PRESSURE  TEMPERATURE ANGLE CURVATURE  VELOCITY VELCCITY NUFBER PRESSURE  TEMPERATURE ANGLE
tPsil {DEG R) {DEG) (PER N} (FPS) 431 (PS1Y (DEG ) {DEG) o
1 26984 343,22 0. O« 2664360 1197.623 1.31963 Te 6176 46257 71.093 &
2 3.0407 354,31 0. 0. 276,568 1141.398 1.,23783 7.7479 4862412 70,787 &
3 3.3499 363.50 O« 0. 285.993 1092. 777 1.17003 748123 452,87 10,489 §
4 3.6322 371.30 0. G. 294,163 1049.€27 1.11217 7.8719 463,02 704197
5 3.8923 378.06 0O 0. 303.C27 1C11.282 1.06171 T.9276 453,16 69,907 &
#¢ RCTOR 1 MIXED ANC/CR CIOLED QUANTITIES e®
ABSQLUTE ABSQLUTE RELATIVE RELATIVE
STREAKLINE TOTAL TOTAL TOTAL TOTAL
NUMBER PRESSURE  TEVPERATURE PRESSURE  TEMPERATURE
(pst) (DEG R) [1331) (DEG R)
1 11.6378 518,70 77511 46257
2 11.6378 518,70 77999 462.72
3 11.6378 518,70 T.8C86 4£62.87
4 11.6378 518,70 7.8173 463,02
5 11.6378 518,70 T.8260 463.16
®e STAGE EXIT 1 #¢
ABSOLUTE ABSCLUTE ABSOLUTE ABSOLUTE @
STREAKLINE RANIAL MASS-FLOW MERTCICNAL AX1AL WHIRL ABSCLLTE WACY TOTAL TOTA FLOM
NUHMBER POSITICN FUNCTICH YELDCETY VELOCITY VELCCITY VELCCITY NUMBER PRESSURE TEMPERATURE ANGLE &
tiN) tLPM/SEC) tFPS) tFPS) LFPS) tFPS) testy IDEG R) IDEG) &
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STREAMLINE
NUMBER

m

PPN

WEWN -~

10.8¢1)
11.22134
11.59%9
11.9643
12.3¥%¢

STATIC
PRE SSURE
(L2 18

3.57718
3.62%8
3.6616
3.7052
3. 7397

STREARLINE
NUMBER

VoW e

0.

1.70193
3.403719
S+10595
6.80800

STATIC
TEMPERATURE
(DEG R)

402.14
432.07
402.04
402.19
402.49

STATOR
REACTION

0.08163
0.08434
0.08680
0.08907
0.,09t18

38%5.455
379.352
369.639
356. 432
339,135

STREAMLINE
SLOPE
ANGLE
(DEG)

RCTOR
REACTICN

1.40533
133695
1.27870
1.22829
1.18431

385.455 493,653 €2£4313 0.63756 4.7030 434.79
379.352 -489.077 €1€.554 0.63C15 4.7372 433.91
3694639 —4RS. €26 61C.300 0.62133 4.7576 433,.CH
356.432 -482.885 €0C.185 0.61093 4.766%5 432.16
339.38% -48C.%31 58€.296 0.%59060 407843 431,29
RELATIVE RELATIVE RELAT IVE
STHEAMLINE BLADE RELATIVE MACH TCTAL TOTAL
CURVATURE VELOCITY VELCCITY NUMBER PRESSURE TEPPERATURE
{PER IN) (FPS) {FPS) test) (CEG R)
0. 26£.360 852.170 0.86747 5.8431 462.57
C. 275.747 852.735% C.86918 5.9322 462.¢8
Ce. 284.5C0 854 .602 0.87C05 6.0062 462482
0. 293.952 854, 704 0.87¢00 6.0675 462.58
0. 303.027 853.900 0.86885 6.1164 453.16
** STAGE 1 PERFCRHANCE ##
STATOR RCTOR
PRESSURE PRESSURE STATOR ROTCR RCTCR STAGE
LSS LOSsS BLADE ROW BLADE RCN ISENTROPIC ISENTRCPIC
COFFFJCIENT COEFFICIENT EFFICIEMY EFFICIENCY EFFICIENCY EFFICIENCY
n.36803 €.85592 c.88211 0.65590 0.,72024 0.%8278
0.36806 0.£0878 0.87513 0. 66774 0.72721 0.592C4
G.36809 C.T76941 C.E6512 0.47719 0473266 0.60008
0.36812 C.73974 C.86386 0.58444 0.73680 0.601C6
0.36815 C.71928 0.85918 0. 68937 0.73962 0.61297
® RASS—AVERAGED QUAKTITIES
STATOR BLADE~ROW EFFICIENCY = C.86969
ROTOR ELACE-ROW EFFICIENCY = C.£755C
STAGE WORK = 20.559 BTU PER LBk
STAGE TOTAL EFFICIENCY = 0.29624
STAGE STATIC EFFICIENCY = 0.50465
STAGE ELADE-~ 1O JET-SPEEC RATID = C.19966

«52.016
~52.201
~52.72)
=33.568
~%4. 708

RELAT{VE
FLOW
ONGLE
{DEG)

=-63.107
-63.619
~64.372
=0%.353
-6t.381

> o

o0 oo Do »



#¢% SPOCL PERFORMANCE SUFPARY (MASS~AVERAGEL QUANTITIES) #ee

SPOCL WORK = 2€.55% BIL PER LBR
SPOOL POWER = 198.03 HP
SPOOL TCTAL- TO TCTAL~PRESSLRE RATIO = 3.09471
SPOOL TOTAL- TO STATIC-PRESSURE RATIO « 4.C1C55
SPOOL TOTAL EFFICIENCY = C.59924
SPODL STATIC EFFICIENCY =  0,%0445
SPCOL BLADE- TO JET-SPEED RATIN o  0.19966
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i.

2.

CONCLUSIONS

A computer program has been written to solve the basic equations which
govern the design-point performance of axial flow turbines. The pro-
gram provides the turbine designer with the freedom to include the
effects of arbitrary radial variations of inlet conditions, stream-
line angles of inclination and curvatures, loss coefficient or effi-
ciency, whirl velocity or angle, and power output in a design. In
addition, the designer may also take into account the effects of cool-
ant flows, interfilament mixing, and a station-to-station variation

of the specific heat.

A loss correlation has been incorporated into the computer program so
that the turbine designer may make comparisons of alternative designs
using performance parameters which are fully consistent with the as-
sumed correlation of total-pressure=-loss coefficients for the indi-
vidual elements of the blading. Further, the program provides for the
calculation of alternative designs with a minimum amount of additional

input.




REFERENCES

Carter, A, F., Platt, M., and Lenherr, F." K., Analysis of Geometry
and Design Point Performance of Axial Flow Turbines. | - Development

of the Analysis Method and the Loss Coefficient Correlation (NASA
CR-1181), National Aeronautics and Space Administration, Washington,
D. C., October 1968,

Stabe, R. G., et al, Cold-Air Performance Evaluation of a Scale-Model

Fuel Pump Turbine for the M-1 Hydrogen-Oxygen Rocket Engine (NASA TN

D-3819), National Aeronautics and Space Administration, Washington,
D. C., February, 1967.

Romanelli, M. J., "Runge-Kutta Methods for the Solution of Ordinary
Differential Equations'', Mathematical Methods for Digital Computers,
Chapter 9, edited by A. Ralston and H. S. Wilf, John Wiley and Sons,
Inc., New York, 1960.

147




REFERENCES

Carter, A, F., Platt, M., and Lenherr, F. K., Analysis of Geometry
and Design Point Performance of Axial Flow Turbines. | - Development

of the Analysis Method and the Loss Coefficient Correlation (NASA

CR-1181), National Aeronautics and Space Administration, Washington,
D. C., October 1968,

Stabe, R. G., et al, Cold-Air Performance Evaluation of a Scale-Model

Fuel Pump Turbine for the M-1 Hydrogen-Oxygen Rocket Engine (NASA TN
D-3819), National Aeronautics and Space Administration, Washington,
D. C., February, 1967.

Romaneili, M. J., '"Runge-Kutta Methods for the Solution of Ordinary
Differential Equations'', Mathematical Methods for Digital Computers,
Chapter 9, edited by A. Ralston and H. S. Wilf, John Wiley and Sons,
Inc., New York, 1960.

147




148

NOMENCLATURE

The nomenclature for axisymmetric flow in an abritrary turbine

annulus is illustrated in Figure 1.

clature is shown in Figure 2.

nomenclature.)

Symbol
A

Description

Streamline angle of inclination
in the meridional plane

Constants in loss correlation
Coefficient

Specific heat at constant pres-
sure

Kinetic-energy-loss coefficient
Function or variable

Constant in Newton's law
Mechanical equivalent of heat
Streamline index

Mach number

Number of streamlines

Number of design stations on a
spool

Number of spools on the turbine
Power output

Nondimensional power output
function

Static pressure
Total pressure

Gas constant

The turbine velocity triangle nomen-

(Figures 1 and 2 appear at the end of this

Btu per Ibm deg R

ft 1bm per 1bf sec2

ft 1bf per Btu

hp, ft Ibf per sec

psf, psi
psf, psi

ft 1bf per 1bm deg R



Sxmbol

R

1V

r
pPls

503

i Bl

§ =T S S < &
)

§

>x X

>
3

~ ™ X <

Description
Reaction of a blade row
Radial position
Blade~to-jet speed ratio

Streamline curvature in the
meridional plane

Total-to~static pressure ratio
Total-to-total pressure ratio
Static temperature

Total temperature

Drop in total temperature

Blade velocity

Velocity

Meridional component of velocity
Tangential component of velocity
Axial component of velocity
VWork output along a streamline

Total mass flow at a design
station

Mass flow function

Axial position
Independent variable
Mixing coefficient
Pressure~loss coefficient
Dependent variable

Flow angle

Ratio of specific heats

Blade row efficiency

Units

fps
fps
fps
fps
fps

Btu per 1bm

1bm per sec
1bm per sec

ft, in
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Sxmbo]

7? R
s
qstwt
7ot

P
2

SubscriEt

C

c

Description

Rotor isentropic efficiency
Stage isentropic efficiency
Static efficiency
Total efficiency
Density
Rotative speed
Description
Coolant
Casing streamline
Turbine exit
Hub streamline
Design station index

Blade row index

Stator, rotor, or stage index

Spool index
Turbine inlet

Streamline index

Index of the downstream design

station
Mean streamline

Last streamline at a design
station

Last design station of a spool

New estimate
01d estimate

Over-all

Units

Ibm per cu ft

rpm, rad per sec



Subscript
T

Y

Superscript

’

Description
Total

Pertaining to loss correlation
Description

Relative value

Nondimensional value

Average value

Value which is modified if mixing
and cooling are specified

151




FIGURE 1 -~ NOMENCLATURE FOR AXISYMMETRIC FLOW IN AN ARBITRARY TURBINE ANNULUS
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FIGURE 2 - TURBINE VELOCITY TRIANGLE
NOMENCLATURE USED IN THE STREAM=FILAMENT ANALYSIS
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APPENDIX 1

ANALYS|S PROCEDURE

This appendix presents the individual steps of the over-all

analysis and the numerical techniques employed in the program.

Analysis
The development of the analysis method is presented in the

Part | report (Ref 1) and the over-all program logic is given earlier in

this report. In the following, the program operation is considered as

eighty=six individual steps in a linear progression of the analysis.

Following the step number, the portion of the program in which the step

is executed is identified by either TD, which is the main program, or the

name of the subroutine. The numerical techniques used for interpolation,

extrapolation, differentiation, integration, the Runge-Kutta method for
the forward-step solution of ordinary differential equations, and the
solution of simultaneous linear equations are discussed later.

1. TD - The values of certain constants used in the calculations are set.
These constants include conversion factors, tolerances and upper lim-
its of iteration loops, and tape assignments.

2. TD - Begin case loop on the analysis of a turbine; steps 3 through 86
are performed for each case.

3. Tb ~ The general input items for the case are read into the program.
These items include the general indicators and the general design re-
qui rements.

L, TD ~ Streamline values of a nondimensional mass flow function are cal-

culated from

wi= (j-1)/(n-1) j=1,2,...,n
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where w' is the nondimensional mass flow function, j is the stream-
line index, and n is the number of streamlines used in the calcula-
tions. It can be seen that W 'varies from 0 at the hub (the first
streamline) to 1 at the casing (the nth streamline) so that each
streamtube, by definition, contains the same amount of flow.

5. TD - Begin loop on the analysis of a spool; steps 6 through 85 are
performed for each spool of the turbine or, if there is only one
spool, for each set of analysis variables.

6. TD - If this is a single-~spool turbine or the first spool of a multi-
spool turbine, print the general input items and convert the items
into a consistent set of units.

7.1. TD - Read the spool input items.

7.2. INPUT - Print these spool input items out.

7.3. TD =~ Convert the spool input items into a consistent set of units.
The items include the spool design requirements and the spool analy-
sis variables.

8. STRAC - If tabulated values of streamline angles of inclination and

curvatures as a function of radius are not specified in the input
data, calculate the angle of inclination and curvature of the hub and

casing streamlines at each design station from

Ay = Zam™(dr,/dx),

(’/'ﬂm)rg = (a’,zr; /dXZ)L/[/ + (d':f/dx)f]“’

-F
where (d/” /dX) = z( H’; ‘S —+ Xlg xl-"g)
-

-1

(dzr; /Xm),- _____< f}-fl,ls—"xl?g leg=Tey, :)/mm (Kigy=X¢ , Xe=Xoy)

(244 L (




10.

11.

A is the angle of inclination, I/r, is the curvature, i is the
design-station index, £ denotes the hub or casing, " is the radial
position, X is the axial position, and 7 (X, X.,X;~X;.,) denotes
the smaller of X;,,~X; and X-X.,

TD - Begin loop on the analysis of a design station. Steps 10 through
82 are performed for each design station if the first or only spool
is under consideration. If a subsequent spool is under consideration,
steps 68 through 82 are performed for the spool inlet and steps 10
through 82 are performed for the remaining design stations of the
spool.
TD ~ If a coolant mass flow schedule is specified in the input data
and the design station is not the turbine inlet, calculate the total
mass flow at the design station from

Wy, = LU';;L'—/ + w-cli' w-;_;m,(,;
where wj is the total mass flow at a design station, ¢ is the
design station index, W, is the nondimensional coolant mass flow,
{* is the blade row index and denotes the upstream blade row in
this case, and “G;wuha is the mass flow at the turbine inlet.
SPECHT - Calculate the specific heat ratio corresponding to the spe-
cific heat at constant pressure specified in the input data for the
design station from
y=Je,. /(Je,,-R)

where & is the specific heat ratio, { is the design station index,
J is a conversion factor, CP is the specific hedt at constant pres~
sure and K is the gas constant. Further, if the design station is:

a. a blade row exit, calculate the average specific heat across

157




158

12,

the blade row from
Zpé, =S (C +Cpiy)
where L' is the blade row index
b. a stage exit, calculate the average specific heat across
the stage from
Cem3(6,4¢,0,)
where (" is the stage index
c. a spool exit, calculate the average specific heat across
the spool
Coin=3(Cps* Copm)
where (" is the spool index and n' denotes the last design
station of the spool
d. the turbine exit, calculate the average specific heat across
the turbine from
EP1°V=2I (Cp,ontet + CP,WL)
where — denotes the average turbine value, Co, indets is the
specific heat at the turbine inlet, and c}azadt is the
specific heat at the turbine exit.
In each of these situations the corresponding specific heat ratio ¥
is calculated as above. Further, values of related parameters used
in the calculations to follow are obtained.
PPWER - If the design station is a stage exit, obtain the derivative
of the nondimensional power output function (as specified in the input
data) with respect to the nondimensional mass flow function for each

streamline and calculate the total temperature drop across the rotor

from

(ATO,L")J': Fre fr (dP,.) J=u%,n
JE, . Wy, OLuj'f

P



13.

14,

15.

16.

where AT, is the total temperature drop across a rotor, l" is the
stage index, j is the streamline index, F;' is the fraction of the
spool power output produced by a rotor, /2 is the spool power out-
put, L' is the blade row index, and /f' is the nondimensional power
output function.

STRIP -~ Obtain the initial estimate of the radial position of each

interior streamline at the design station from

ry=V it wi(ne-nl) =45, 0
where I is the radial position of a streamline, ! is the design
station index, j is the streamline index, ! denotes the hub stream-
line, and N denotes the casing streamline. [t can be seen that this
formulation results in each streamtube having the same annulus area.
TD - If the design station is a blade row exit and kinetic-energy-
loss coefficients are specified in the input data for the design sta-
tion, obtain the initial estimate of the corresponding pressure-loss
coefficients at each streamline from

0.05 for a stator exit

U== 0.10 for a stage exit J= sy D
where Y is the pressure-loss coefficient, { is the design station
index, and j is the streamline index.
TD - Begin major iteration loop on streamline positions; steps 16
through 81 are performed for each estimate of streamline positions
and, if kinetic-energy-loss coefficients are specified at the deﬁign
station, pressure~loss coefficients.
STRVAL - Begin loop on streamlines; steps 17 through 25 are performed
for each streamline of the design station, proceeding from the hub to

the casing.
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17.

18.

]9-

20.

21.

STRVAL - Interpolate the streamline value of the streamline angle of
inclination and curvature from the values specified in the input data
or from the hub or casing values calculated in step 8.
STRVAL ~ If the design station is the turbine inlet, interpolate the
streamline value of total temperature, total pressure, and flow angle
from the values specified in the input data, and return to step 17
for the remaining streamlines. Further, go to step 26 after the last
streamline has been considered.
STRVAL - Calculate the streamline value of the adjoining rotor blade
velocity from
Wy =L2r;

where i is the rotor blade velocity, ¢ is the design station index,
Jj is the streamline index, {1 is the rotative speed of the spool,
and " is the radial position of the streamline.
STRVAL - If the design station is a stator exit, (a) obtain the stream-
line value of the total temperature from

(T, )j = (Toj-,)j
where 7; is the total temperature, { is the design station index,
J is the streamline index, and % denotes a value which may have
been modified if a coolant schedule or a mixing schedule has been
specified in the input data, and (b) interpolate the streamline value
of either the whirl velocity or flow angle, whichever values have been
specified in the input data.
STRVAL - If the design station is a stage exit, calculate the stream-

line value of (a) the total temperature from

*
(T;n )J = (7;,7.-1)."— (AT;.;L")J-



22.

23.

2L,

where T, is the total temperature, { is the design station index,
J s the streamline index, % denotes a value which may have been
modified if a coolant schedule or a mixing schedule has been speci-
fied in the input data, and (" is the stage index, and (b) the whirl

velocity from

]
Vui )J = .(TLJ [u"l.-l,j (Vu,l;-l)j - go"/c— A (A 7;,':.' )J]

where V& is the whirl velocity, { is the design station index, J

is the streamline.index, (' is the blade row index, and (" is the
stage index.

STRVAL - [f pressure-loss coefficients are calculated from the inter-
nal loss correlation without additional loss factors, return to step
17 for the remaining streamlines. Further, go to step 26 after the
last streamline has been considered.

STRVAL - Interpolate the streamline value of the loss parameter speci-
fied in the input data. This loss parameter is: (a) the additional
loss factor, if pressure-loss coefficients are to be calculated from
the internal loss correlation Wwith additional loss factors, (b) the
kinetic-energy or pressure-loss coefficient, or (c) the rotor or stage
isentropic efficiency (applies to stage exits only).

STRVAL - If the streamliine value of rotor isentropic efficiency has

been obtained, calculate the total pressure from
_ (Bl %o /(1)
(R (T0);

or, if the streamline value of stage isentropic efficiency has been

(Poi)j = (Po,i.-: )J !

obtained, calculate the total pressure from
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Cou (lﬂ;i") Yo/ (51)
(Poi)j = CPO,Z-Z.)J' I =
C'Pi" (725,5"2/' (7‘_’;"'1)_/'

where p_ is the total pressure, { is the design station index, j
is the streamline index, 7). is the rotor isentropic efficiency, s
is the stage isentropic efficiency, (' is the blade row index, and
(" is the stage index.

25. STRVAL - Return to step 17 for the remaining streamlines. After the
last streamiine has been considered, continue with step 26,

26. STRVAL - Obtain the derivative with respect to radial position of
(a) the total temperature, (b) the whirl velocity or flow angle, which~
ever is known, (c) the streamline angle of inclination, and (d) the
total pressure, pressure-loss coefficient, or additional loss factor,
whichever is known, at each streamline of the design station.

27. VMNTL - If this is the first pass through the iteration loop on
streamline position, obtain the initial estimate of the meridional
velocity at the mean streamline as follows:

a. when the flow angle is known

/[ORX)M]L m‘(ﬂ) e wm]

0.4 for the turbine inlet

where M= < 0.8 for a subsonic solution at a stator exit
1.2 for a supersonic solution at a stator exit
b. When the whirl velocity is known

1. at a stator exit

Vmi)m = w‘té‘r (l{u. )m/c‘d'¢ (Ai)m
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28.

29.

30.

2. at a rotor exit
(Vma.)m-: —l’,&t-g{(%.:)m - aém} /Cw'¢ (’4..)/71
where the meridional velacity is limited to values between Mach

numbers of 0.1 and 0.8; that is

0.1 < (k;i)nw i . 0.8
/l +.01 (A1) /901?&(7;0,,,-(:%:_)(%)2 \/: + .64 (!’z'i)

where Vziis the meridional velocity, L is the design station index,

m denotes the mean streamline, and @B is the flow angle. |If this

is a subsequent pass through the iteration loop on streamline posi-
tion, set the estimate of the meridional velocity at the mean stream-
line equal to the last value from the previous pass.

TD ~ Begin minor iteration loop to satisfy continuity. Steps 29
through 57 are performed for each estimate of the meridional velocity
at the mean streamline, unless three successive estimates are equal
within one part in 106. In the latter case, calculation continues,
but special action is taken when step 54 is reached.

RADEQL - Begin loop on streamlines; steps 30 through 46 are performed
for each streamline, first proceeding from the mean streamline to the
hub and then proceeding from the mean streamline to the casing.
RUNKUT - If the streamline is not the hub or casing, begin Toop on
stages of the Runge-Kutta determination of the meridional velocity

at the following streamline. Steps 31 through 45 are performed for
each of the four sets of values of radial position and meridional
velocity; the first set being the radial position and meridional
velocity of the streamline itself. |If the streamline is the hub or
casing, steps 31 through 39 and step 4k are performed once--for the

radial position and meridional velocity at the streamline.
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31. DERIV - If the tangential velocity is known: (a) calculate the maxi-
mum allowable value of the square of the meridional velocity (that
for which the corresponding static temperature is still slightly posi-

tive) from:

= 7
) Z?O P'- oc ch. -1
and (b) except for the hub and casing streamlines, set the coefficients

of the third equation in the set of equations used to satisfy radial

equilibrium as follows:

Ca: =0
Csz- ©
C;3== !
C,o=alf,/dr
32. DERIV - If the flow angle is known, calculate the maximum allowable

value of the square of the meridional velocity from
Vo o = (2o Tos = 1)/ (1 + L co0A,)

33. DERIV - Go to step 48 if (k;é)nuux or bgi is less than 1 Fpsz. I f
Uzi is greater than (h&f)nuux , set bgi equal to (V;f)nuux for
all points until either the hub or casing is reached.

34. DERIV - If the flow angle is known: (&) except for the hub and cas-
ing streamline, set the coefficients of the third equation in the

set of equations used to satisfy radial equilibrium as follows:

.Cal:: -z Aartp, s, /Vrm
C,.=o0

32
C,= 1
=y {codA. (dB./0r) [eod*i~Lemp, aimA (A, Jdr)]

and (b) calculate the tangential velocity from
V.= Lan g, coeA; Vi,

35. DERIV - If the absolute total pressure is known, except for the hub
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and casing streamlines, set the coefficients of the second equation

in the set of equations used to satisfy radial equilibrium as follows:

C,=0
Coo= 1
Cy=0

czg.:' (dPOL/dr‘)/POI-
and go to step 41.

36. DERIV - If pressure-loss coefficients are not calculated from the
internal loss correlation, go to step 38.

37. PLC - Using the internal loss correlation, calculate as follows:
(a) the pressure-loss coefficient Y, and (b) except for the hub
and casing streamlines, the derivative of the pressure~loss coeffi-

cient with respect to radius in terms of d,bﬁ,:/dr and dV,/dr
Yo= (FEE /4,),

d_z=(dY) vmf LA
dr dr +C C ar

where

alvf/dr df, /dr df, /dr df,/dr)
( Y( z@ TR T 444

=Y(szz/’£z+c#3z/f3 “2/,0)
Y ( ;zs/’g+cfss/’g'cﬁ4a/ﬂ>
(1.1) if the pressure-loss coefficient Y. exceeds the allow-
able maximum, a, which was specified as part of the

input

GdJQ/QifZ = sz= Cyz—-

(1.2) if an additional loss factor is not specified for the
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internal loss correlation

(1.3) if an additional loss factor is specified for the internal

loss correlation

£ -f

of/dr = df,, /dr

(2.1) for a stator exit, if Lan B, —damp,, =0
fp= damp, —Zam B,
(2.1.1) if flow angle is specified
df, /dr =aec’8; dg;/dr — secp,., dB,., /dr

Cﬁzz=
C 23 =Q

o

r
(2.1.2) if whirl velocity is specified
dfy, /dr =Zang, LanA, dA /dr-accts, dE,, /dr
Cooe™ ~Aampi/ 2 Vo
6423= ,Ca/n,&/l/,u
(2.2) for a stator exit, if Lanpg, —Kanp, <O

PZ:- [mla\—l - m/g'.
(2.2.1) if flow angle is specified
df, /dr= aec? g, dp,, /dr-aec’s, dB, /dr
Crp= 0
Cres=0
(2.2.2) if whirl velocity is specified

dE, /dr = acc?B,., AB,, /dr - lamB, XamA; dA, /dr
Crop=Aamp, /2 VmZL
C-F,zS: "Ia/r)IBL /l/u_t
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(2.3) for a stage exit, if dam B, -ZampB = 0
= Lam g, ~ dan s
df,, /dr =.q4ec’s;, dp;., /dr ~ Zam B/ { Xam 4; dAL/dr—_(Z/(V,“—aL)}
Cror= lan B/ Vi
Cros= ~am B/ (Vi -us)
(2.4) for a stage exit, if fam/@/-, —-,Z,La/y;/gl.'<o
fo= dam Bl ~dam B,
AL, /dr=dang [KanA, d4, sdr -0 [, -, ) faec?B!, da!, /dr
Coua=~Lon /2,
B Crzs = Aam B/ (Vi -u;)
(3.1) for a stator exit, if Vi, /\4<aa (2 specified constant)
fi= et e, (v, /1)"
ah, flr=a,0, (v, V) (i, /dr) /i,
Cpan= =8, (Vi, /W Y2/ 21/
Crag== e Y, (Vi V)V
(3.2) for a stator exit, if V., /\{ 2 a,
5=t a, (Y, /i-a,)
Olf, /fdr= a,(dV,,/dr)/V,
Crsa=~a ., /24?

C:‘33=—a’ w Ve, 1V
(3.3) for a stage exit, if Vil /v <a,

fi=a.ra, (V.,/V)
¢f3,/ar=a,aa( L)Y ) -2y 2 (V)
L Ve
cm =@y (Voo )Vl /Y)W
(3.4) for a stage exit, if Vi SV a,
A=a,ra, (V. /V'-a,)
AL, /dr=a, (A V., sdr) /v; - =2Cs, 2 (Voo - i)
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Cran= -0, V[, 7%
Cras= ~Qa VYo ) Vo /Y.
(4.1) for a stator exit
1y = O+ codf,
(4.1.1) if flow angle is specified
df,, /dr=-asamp; dp./dr
Cogz=©
Cp43= O
(4.1.2) if whirl velocity is specified
A, /dlr = -0y 4urs, cotf, ZamA, dA; fdr
Crap= Q5 AMB, COLE, /2 Vo,

Crys=—As 4m*8, couB, / V.
(4.2) for a stage exit
o= @yt e
dfy) Mdr = - a;am 8, coef’ { tanA, dA, /dr - Q/(V,,-u.)}
Cppp = Qs 4B, COUR, /2 Vi,
Cf45= “d,)- ,dmﬁ&‘.l Wﬂl"/(t/u - “L)
38. DERIV - If the design station is a stator exit except for the hub and

casing streamlines, (a) set the coefficients of the second equation

in the set of equations used fo satisfy radial equilibrium as follows:
Cz: =?i¢'
Cz7.= /
CZ3=ZI{LL’71£
Cos™ (APLLe, 20U/ Py G, Vi @T, /) / Toi = G gy Ao/l
where
e /(8,1
9= (75 ) e (/T 2900, Toi [ 14 Y (1-Pi/Pol)]
Q2= (1=Pe /i) /T 1+ Y C1=pi/poc )}
7:/7:,¢ /- VLZ/ZyoJCP‘ 7z—u'

Po/Poc= (TilTp )2/
and Y. /dr=(dY;/dr), if the loss correlation is used and (b)



for a streamline only, calculate the absolute total pressure from
Poi = Poiur f{1+ K (1= pi/pi)]
39. DERIV =~ If the design station is a stage exit except for the hub and
casing streamlines, (a) set the coefficients of the second equation

in the set of equations used to satisfy radial equilibrium as follows:
Co= 9
Co= 1
Cos=2(Vei 91~ W 95)
Coa™ (@R, /4 /Pl + (G, U™+ 9o s (wim 2o )} (AT /) [ To =9 Yo/
~ G (WE-UE YT, /dr) /Tyl = Gap 202 (4= Vi) Gy 20 (= i)

where
Gu= (%) ¥ (T 7)Y agud ey T R/ + X ( Pt - Pi/pi)]
Qo= (Pt P = PsPo) [{ Pou VPt Yol Pt P it pi)}
9= (,%)( 1+ N Toc/ 7;‘)'/”"")/ 290 Co T Pl spoct Y (R /R~ P/

?4«::(‘):5{:—’)/(7;2/7;::.)'3§0JE o o

TL/Te=1- %z/zgo‘jcpczu'
Pi/En= (7;/7;.)!./(61-()
L/l 1 ha(ui~2¥:)/2g.J ¢, T,
poc o= (T /L)
Lo /T = 14 (uf -l 29,02, T,
and dY/dr=(dY./dr), if the loss correlation is used and (b) for a

streamline only, calculate the absolute total pressure from

z’/(y'
IDO,L~I ( /Z,lfl /{R"/:Dm. + Y (Pox /Pm. P /Pot.)}
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4O, DERIV - If the loss correlation is used at the design station, set
., = Cot Pac cyz

Cos = Cas *Qa; Cys
L1. DERIV ~ Set the coefficients of the first equation in the set of
equations used to satisfy radial equilibrium, the radial equilib-
rium equation itself, as follows:
C,=1
= (V- 29.Jc,, o:.)/(l“l)
o =2Ku

Cu= 265¢A; Yyt (1/50), + V(AT /dr)/ Toi — 2Yis /7

L42. DERIV - Calculate the determinant of the 3 x 3 coeff:cuent matrix [C ]
where (=/,2,3 and ;=/,Z,3 . |If the sign of the determinant has
changed from its previous value or if the determinant is zero, go to
step L8,

L3, SIMEQ - Solve the set of three equations used to satisfy radial
equilibrium for the unknowns d,l/mf/dr‘ , (@p,/dr)/po. , and
dV, /dr .

by, DERIV ~ (2) If no solution could be obtained to the set of three
equations, go to step 48 and (b) for a streamline only, (a) calcu-

late the value of the mass flow integrand from

ik [ (P ]

and (b) if the streamline is the hub, return to step 30 for the mean

streamline again, but if the streamline is the casing, go to step 47.,
Lg, RUNKUT - Substitute the obtained value for d,!/mi /dr into the Runge-

Kutta formulation and return to step 31 for the remaining stages of

the calculation of the meridional velocity at the following streamline.
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Le.

L7.

RADEQL - After the calculation of the meridional velocity at the fol-
lowing streamline is complete, return to step 30 for the remaining

streamlines.

RADEQL -~ Calculate streamline values of the mass flow function from

5
wry =2 | (p¥ueoud o dr

T

using numerical integration and go to step 50.

L8. TD - Choose a new value of (l[,), as follows: (a) if there have

L,

50.

51.

52-

53.

been no values for which the meridional velocity distribution could
be obtained, increase the last estimate of (V%‘)m by 3 per cent or
(b) if there have been values for which the meridional velocity dis-
tribution could be obtained, average the highest '"bad" estimate and
the lowest '"good" estimate of (¥,;), -

TD - If this is on or after thirty passes through the continuity loop,
return to step 29 for a final pass before abandoning the analaysis of
the turbine using the lowest estimate of (Viy;)m which yielded a
valid solution for the meridional velocity distribution. If no

valid distribution has been found during the current continuity loop,
go to step 86. Otherwise, simply return to step 29.

TD ~ If this is a final pass through the continuity loop before aban~
doning the analysis of the turbine, go to step 60.

TD -~ If required, print the results of the pass through the conti-
nuity loop.

TD ~ Obtain the ratio of calculated mass flow W, to specified mass
flow Wi, at the design station and, if this is the first pass
through the continuity loop, go to step 55.

TD - If continuity is satisfied and (k;;)n has converged, both
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5k,

55.

within the allowable tolerance, go to step 58. (it should be noted
that the normal tolerance of 0.01 per cent is abandoned on the first
or second pass through the iteration loop on streamline position in
favor of a larger tolerance if (a2) more than twenty passes through
continuity loop have been made, (b) the current estimate of (Vo )m
equals the last two estimates within 1 per cent in 106, or (c) the
sign of the slope of the mass flow versus (V,,),, curve has changed
four times. The larger tolerance is 20 per cent during the first
streamline position loop and 10 per cent during the second stream-
line position loop.
TD - If the current estimate of (K;,L” equals the last two estimates
within one part in ]06, if the sign of the slope of the mass flow
versus (Kmi)n curve has changed four times, or if the maximum num-
ber of passes through the minor iteration loop has been exceeded,
then this is the last pass before abandoning the analysis of the
turbine; go to step 60.
VMSUB ~ Obtain a new estimate of (Vii)m . If this is the first
estimate of (M;Llﬂ which yielded a valid meridional velocity dis-
tribution, then (a)

(Vori i, mgaar = (Wi 7052 (Vi)
when a supersonic solution is desired for a specified flow angle,
or (b) otherwise

Vori Yom, mewsr = (Wi 707) (Voni )
where 0.833<S Wy /W[ < 1.2. If there have been several estimates of

(M;;)m which yielded valid meridional velocity distributions, then

(a)

v, =W )t | WVordor= (V) (L“L_
Vo Don, maszr~ YonJn® [ Vs Ir= (Voo ot ] e



56.

58.

59.

60.

61.

when W,# Wi, sty, and

2 YW g
wzn— in ol

or (b)

(Vmé)m,muu':zl'[(%“)m" (sz)m,old,]
when wj,=w;, 4, - It should be noted that (Mni)m,rto{, and Wi, oid,
denote the previous values of (M;Jn, and wg, , respectively.
T0 = If (Yo ) e 1S 1ess than the highest estimate of (I,),
which did not yield a valid meridional velocity distribution, then
choose an alternate value of (), e €qual to one third of the
highest ''bad' estimate plus two thirds of the lowest ''good" estimate
of (Viuidm -
TD - Return to step 29 with the new estimate of (Vi) -
TD - If this is the converged pass through the streamline position
Joop, go to step 60. Further, if the maximum number of passes
through the loop on streamline position has been exceeded, assume
that this is a converged pass and go to step 60.
TD - If the results of each pass through the streamline position loop
are not to be printed, go to step 79.
REMAIN - Begin output loop on streamlines; steps 61 through 66 are
performed for each streamline of the design station, proceeding from
the hub to the casing.
REMAIN - Calculate the absolute velocity, axial velocity, static tem-

perature, static pressure, and absolute Mach number from respectively,

Vi =y iy + (VL
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62.

63.

6l

174

T, = (L) -V /2. de0 (T) ]
P =ray [ Ty /(L;),}" A
My =V /%.4.€T,

REMAIN - [f the design station is the turbine inlet, return to step
61 for the remaining streamlines; after the last streamline has been
considered, go to step 68 if this is the converged pass of the major
iteration loop or, otherwise, go to step 77.
REMAIN ~ Calculate the relative velocity, relative Mach number, rela-
tive total temperature, relative total pressure, and relative flow

angle from, respectively,
Vf - /(V»iz- . [(m‘)--ug]z
(%) U{'+(’ ’)M
‘P"")J’Pu-{(ﬂ'z-/zj}’i/”«"")

By = Ao { (V) -] /(W)

REMAIN - if the design station is a stator exit, calculate the blade

row efficiency from (a) if the kinetic-energy-loss coefficient is
specified

<7]54)J' ==

or (b) otherwise
o= =T/ T/ [1-1p, rerln}

calculate the reaction from

Hf—l)/XJ

/Y

L’I,j



65.

66.

if this is the converged pass of the major iteration loop; calculate
the absolute flow angle from

By = Lo { (V) /(%))
if the tangential velocity is specified; and return to step 61 for
the remaining streamlines. After the last streamline has been con-
sidered, go to step 68 if this is the converged pass of the major
iteration loop or, otherwise, go to step 77.
REMAIN - For a design station which is a stage exit, calculate the

pressure-loss coefficients from

‘ El."/(j;'--’)
Y. = (F’o',,f-,)J{(ﬁL))/(Ta,':.)J} i ‘(Pali)_j

- (Péi)j = Py

if isentropic stage or rotor efficiency have been specified; calcu-
late the blade row efficiency from (a) if the kinetic-energy-loss co-
efficient is specified

D). = 1-€é..
(7?3421' ! Yy

or (b) otherwise

(Z:‘I)/jf, *

Dsey = L=y /i) 3 /[ ~{ Py R ) (T /(50 ]
calculate the absolute flow angle from
= 4a'{ (), /() ]
and, if this is not the converged pass of the major iteration loop,
return to step 61 for the remaining streamlines or go to step 77 after
the last streamline has been considered.
REMAIN - For a converged pass of the major iteration loop at a stage

exit, calculate the reaction from

R‘J = Vi-l,j /V‘J
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67.
68.

176

if they have not been specified, calculate the isentropic stage and

rotor efficiency from, respectively,

&, ).

(775 = o (41 )
— Fu= 13/,
T in (Tcy), [ 1= { Py /S Poea), } ]

(1o ),
(7;"'")J [/l—[ (POL)J./(POI‘__')J,}U—:"I)/l‘;]

and return to step 61 for the remaining streamlines or simply con-

(7715'1-)_]' =

tinue with step 67 after the last streamline has been considered.
SETUP - If this is the last design station of a spool, go to step 72.
SETUP - If mixing is specified, modified streamline values of the
absolute total pressure and absolute total temperature which will be
used as the upstream conditions for the next design station are cal=-

culated using numerical integration from, respectively,

’

Kome? oLd !
ey = 11 Ol )y # i)y A7 P

Xnu' dLU-I
x /a er’ 7;: dbU"
) = L= O (L) + O 20
where °
_j =1 2/ ey
/Xm‘l dw‘ 7“0

and & is the index of the next design station (£=i+i) ,#% denotes
a value which may have been modified to include the effect of inter-

filament mixing, {' is the blade row index and denotes the blade row

upstream of design station k£, and X, is the mixing coefficient., |If



69.

70.

71.

_[mecluréo or if mixing is not specified, then

0%:h,b = (Poi)y

(Z:;q}-= (7;zb
SETUP - If a coolant schedule is specified which includes'the cool-
ant total temperature, streamline values of the absolute total tem-
perature which will be used as the upstream condition for the next
design station are again modified as follows:

*
(T ) e Wi (T * We (Tocde
0,k-1 '
Wy + L

J=62,.,n

where £ is the index of the next design station (k= CFr1) > * denotes
a value whi;h may have been modified to include the effects of inter-
filament mixing and cooling, ¢' is the blade row index and denotes
the blade row upstream of design station £, and T,. is the absolute
total temperature of the coolant.

SETUP ~ If the design station is not a stator exit, (a) set the fol-
lowing streamline values which will be used as upstream conditions

for the next design station

Voo = Yy o

and, if the internal loss correlation is being used,

ﬁk%/= Yo SR n
(b) obtain streamline values of the derivative with respect to radius
of f%:kq , and, if the internal loss correlation is being used, V,_,
and g, ; and (c) go to step 72.
SETUP - If the design station is a stator exit, (a) set the following

streamline values which will be used as upstream conditions for the

next design station
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k-ld if
and, if the internal loss correlation is being used,
P =Ry
(b) calculate the following streamline values which will be used as

upstream conditions for the next design station

> * :Z 2
(Ton-rd, = (Toes); + (V= ¥, )/zgoJc,,‘

R = (Rl [ (T /]

(¢) if isentropic rotor or stage efficiency is not specified for
design station kK, obtain streamline values of the derivative with
respect to radius of 7;k_ and Fé:q and, if the internal loss
correlation is being used, of K;' and p;q ; and (d) go to
step 73.

72. SETUP - Using numerical integration, obtain mass averaged values at
the design station of the absolute total temperature and absolute
total pressure from

1

P dur!

—

oVl

!

L.dw!

and, if the design station is a stage exit, the static pressure and

;ﬂl
o\-\o

the drop in absolute total temperature across the rotor from
t
= J; p.dw!

a7, =l{47;u.)du.r'
Further, if the design station is a spool inlet, go to step 77.

73. SETUP - Using numerical integration, obtain mass averaged values at

the blade row exit of the blade velocity and the blade row efficiency
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7h.

75.

from
]
t
778; =!75£ aw!
Further, if the design station is a stator exit, go to step 77.
SETUP - For a stage exit, calculate mass averaged values of (a) the
stage work output, power output, blade velocity, and blade-to-jet

speed ratio from, respectively,

Wo=2,. (4],)
E%"= UGW Mé"
a = .ZL ( Ji + "—Li.-t)

F0/7,
()= & //z?,, G Toenl 1= (B By iad

and (b) the stage total efficiency and static efficiency from, respec-

tively, either

5 = ¥ ~1Y/E.
(7773t)l:" = F7>-£" /OU;" CP‘:" 7;1“2[ I= (Po:- POL'Z) }

a .~/ %
(qstat);" TL"/w_ P‘" °,l"2 [I (Pl /Pe 1-2) _}

if a coolant temperature schedule is not provided, or

& 1/ 8
(777'015) T(.“/ P { T2 o:.-z. LU;,i'-‘ (7;0- i~ 1 cL ( "-) }{I (Po" /)90, ‘z)( }

Meat) > = Pn'-/ {0 Tt 0L (Te )+ We (T ) 31 = ‘P‘/Pa,-:.){l")ﬁ}
if a coolant temperature schedule is provided.

SETUP - If the stage exit is also a spool exit, calculate mass aver-

aged values of (a) the spool work output, power output, total-to-

total pressure ratio, total-to-static pressure ratio, blade velocity,

and blade~to-jet speed ratio from, respectively,
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(itt)un = (FSO)':=I/(/3°)'-
(Fozs)m = (Po)izr /(P

(n-13/2
Wipm ™ nieg e Win

L_Zi..//,?JgoJé;u.,,, (7;)l=,[l_[FT"/(FO)‘.=’}()‘,I~_I)/):'M

and (b) the spool total efficiency and static efficiency from, re-

spectively, either

- Fa=t)/y..
(T)nt g / Pt"' (T);u[' POL/(PO)‘-,,}”‘ A ]

("—7;{4;)(1" ,,"/W pLe (T;)irl [, - Z ,5,_ /(/3°)L‘-‘I}

(=180

if a coolant temperature schedule is not provided, or
- % (T Y B
(777at) lll TLIH/ s [(u)— )LEI {7;)‘3' + ’Z Ll/- (TC) ][ [Po,_ /(Pa )L"l J

/)/d’,,
(Tstat Vo™ T/ enl(wr),, (1), ,+2u1;(7;¢) Ji-16. /(5 L.,} ]

=1

if a coolant temperature schedule is provided.
76. SETUP - If the stage exit is also the exit of a multispool turbine,
calculate mass averaged values of (a) the over-all work output, power
' output, total-to-total pressure ratio, total-to-static pressure, blade

velocity, and blade-to-jet speed ratio from, respectively,

n"

W, =

L'Hl=’ L..l

nv

]
W]

(R

M=

(ot Yov= (P untet /(o).
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77.

78.

79.

(Fots Jov™ (§7w1¢/‘§)c

73 ! L

ov ?" o t

_ _ _ — — :v" ) J_ov
(T Yoy = uov//,;qucP,ov(K)mt[l —[Fc/(Po),;nAz}(r i ]

where n" denotes the number of spools of the turbine; and (b) the over=-

all total efficiency and static efficiency from, respectively, either

- = = (F,-0 {v
M7ae o= (F)./Wr; T (7;)"'11‘1?["‘ { P /(Fo)wu&t} / ]

— = — — (Fav—’)/gv
(77sta.t:)of (PT)N/‘U},_ a.‘.P,ov (7;)1/11.&17 [I— { =5 /(P°)M} ]

if a coolant temperature schedule is not provided, or

n" 2n'

(f?-Tot)ov:: (PT)O/C-P,OV [(w;.)m (i)vna(l.b.’- 2 2—;‘ Wy (7;0)‘:,][[ - {I_D-OL/(PD} M.\M}(i‘-rl)/‘z“]

“"I"l

n" an — -
oaedor™ (B s/ B[ )i Rt 22 W T [ 1= B By} ™|
@GUTPUT - Convert the output items into the original units of the
input data, print the design station output, and reconvert the out-
put items into a consistent set of units.

TD - If this is the converged pass of the streamline position loop,
go to step 82. |If this is the last pass before abandoning the analy-
sis of the turbine, go to step 86. Otherwise, simply continue with
step 79.

TD - Obtain new estimates of streamline position at the design sta-
tion through interpolation of the curve of radial position versus
calculated mass flow function for those values of radius which give
equal increments in the mass flow function. Further, check whether
the values of streamline position have converged within the allowable

tolerance.
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80. LCNV - If kinetic-energy-loss coefficients are specified at the de-
sign station, (a) calculate the streamline values of the pressure-

loss coefficient from either

v - [ I-€, /1)
g [ P‘j/(Pm)j}{ T /(1) ‘Eej} B ']/{ 1= Py /P J2i%e

if the design station is a stator exit, or

1—8;, & /-1
= . L i) — . ! | =
i ({P‘v/"’“’f}{?:j/rr;:)f-e,j} “]/f’ Pj/(Padj}  J=hiden

if the design station is a stage exit; and (b) check whether the val-

ues of pressure-loss coefficient have converged within the allowable
tolerance.

81. TD - Return to step 16 for the converged pass of the major iteration
loop or simply for a new pass through the major iteration loop.

82. TD - Return to step 10 for the next design station of the spool.
After the last design station has been considered, simply continue
with step 83.

83. TD - If the turbine has more than one spool, go to step 85.

8h. TD - If there are remaining sets of analysis variables to be considered,
reconvert the input data into its original units and return to step 6.
Otherwise, go to step 86.

85. TD - Return to step 6 for the remaining spools of the turbine. After
the last spool has been considered, simply continue with step 86.

86. Return to step 3 for the remaining turbines to be analyzed.

Numerical Techniques

The standard numerical techniques used in Program TD are dis-
cussed below. The techniques discussed are: Iinterpolation and extrapola-

tion, numerical differentiation, numerical integration, the Runge-Kutta
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method for the solution of ordinary differential equations, and the solu-

tion of simultaneous linear equations.

Interpolation and Extrapolation

Interpolation or ektrapolation is performed when a function is
to be evaluated for a specific value of the independent variable from
tabular entries of dependent versus independent variable, |If the spe-
cific value of the independent variable is within the range of the inde-
pendent variable as expressed in the table, interpolation is performed; if
not, extrapolation is performed.

The }n;erpolation which is performed is always parabolic unless
there are less than three tabular entries., |If there are only two tabular
entries, linear interpolation is performed. With only one tabular entry,
the value of the dependent variable is assumed constant for all values of
the independent variable. Extrapolation, on the other hand, is always
linear unless there is only one tabular entry. The following nomencla-
ture will be used in ;he interpolation and extrapolation formulas given
below:

Y, = interpolated or extrapolated value of the dependent vari~

able

X, = value of the independent variable at which interpolation

or extrapolation is desired
Yi1s Yo, Yis = three consecutive tabular entries of the dependent vari-
able corresponding to X, , X; , and X, , respectively
X, X X = three consecutive tabular entries of the independent vari-
able

The formula used for parabolic interpolation is:
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Yo= & (XP‘ X, )z+b(xp— Xi-l) + Y-y
where

(X=X ) Yier =) = (Xoay = XV = Yer)
(XH-I_XI-I)(X‘—X£~I)(Xt'fl —Xi)

b= (Y™ Yi-r) _ a.(X,_-"X‘-_,)
(XL"XI-J)

and X; is the tabular entry of the independent variable which is nearest

to X, . (However, since a tabular entry on either side of X; is necessary,

X; is not allowed to be the first or last entry in the table.) The for-

3

mula used for linear interpolation or extrapolation is:

= Ko=) (Yi=Yi-t) + Yoy

YP (XL_Xi-I)

where X, € X, <X; for interpolation, and either x,, is the first or

X; is the last tabular entry for extrapolation.

‘
Parabolic, rather than linear, interpolation was selected for
the program so that typical variations in the analysis variables can be
represented accurately with relatively few data points. However, since
this interpolation is used to assign values to the streamline quantities,
it is recommended that whenever more than two items are specified for any

of the program input quantities, the user should consider the manner in

which these data will be interpreted by the program.

Numerical Differentiation

Numerical differentiation is performed to obtain streamline val-
ves of the derivative of a function with respect to the independent vari-

able from tabular entries of the function and the independent variable at each
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streamline. The values are found by differentiating a second-order curve
which is fitted to the streamline values of the function. Using the no-
menclature given above, the formulas used to obtain the derivative are:

(a) for interior streamlines

(dy/dX); = a(X;=Xz)) + Vi~ Yo ) /(Xi=Ximt)
(b) for the hub streamline

(dy/dx), = (V=Ye)/(Xi=Xi) = @LXXp)
(c) for the casing streamline

(d-Y/dX),;+, = (Yi' )’,:-,)/(Xi—xt—/) +a-{ (X:=X:.)) +Z(XL'+/— Xt)}
t

(Xb_xi-l)(yﬁ-l— i)~ (X“_,— XY= Ye-1)
(XL"I'I- Xeeh) ( X, ‘X,;-,)(Xz.;.,"xi)

where a=

Numerical Integration

Numerical integration is performed when a function, say ¢ , is
to be integrated across the annulus at a design station. The independent
variable may be the radial position, r , or the nondimensional mass flow
function, w'. The value of the integral is obtained from the trapezoidal
rule so that ¢ is replaced by a series of chords; the chords connect ad-
jacent streamline values of the function. Hence, if r is the independent

variable, then

r‘n n-i

[@dr =4 > (8% 2) (51

where the subscripts /I and n denote the hub and casing streamlines, re=-

spectively., [If w' is the independent variable, the expression becomes
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since ufj,, - W, =1/(n-1) for all values of j .

Runge-Kutta Method

The Runge-Kutta method for the solution of ordinary differential
equations is used to determine the remaining streamline values of the me-
ridional velocity based on the meridional velocity at the mean streamiine.
The differential equation is of the form

AV /dr = £(r, V)
where f(F,M;) is obtained from the simultaneous solution of the radial
equilibrium equation and the two subsidiary differential equations.

Given the value of meridional velocity at one streamline, (Vine) s
the unknown value at the adjacent streamline, (Vzn)k , is determined in

four stages:

(Vo s = Vo) + 5 (k=29
where kl = h ;{rc.j; (le)j}

? = {() initially

%4 subsequently

L

h=r,-r.
k=

(VoY= (Vi Yoo + (1= 17Z) (k=g
where ke= BE{ ot h/2, (Vi ]

9= ?°+3[2’(k,—2%o)}—-2’—k,

(Vmi)zka: (Vmi),l;z_{' (1+ l//z)(k.a_?-z)

where k3=hf[l}j+h/z, (Vmi.)kz}



9.= 4.+ 3{ (=1 ) k= g0 - (1= W2 k,

(Vmi)lzz = (an)ia + é‘ (k‘;"z%a)

where k= ht{ri, » (Vewi Jies }
9= 4 SLUHINZ ) (k= @) |- (1+1/72) K,
and 9,7 §+3( T (k2450 - %K,

The above is known as the Gill procedure; it possesses the refinement, by
introducing §° and 945 that some of the round-off errors accumulated
during each step are cancelled. The method used is based on that given

in Reference 3.

Solution of Simultaneous Linear Equations

The numerical solution of a set of simultaneous linear equations
is obtained by the method known as the Gauss Reduction. That is, the set
of equations are triangularized and, therefore, the final equation of the
set is reduced to one unknown. After that unknown has been evaluated, the
remaining unknowns are found by back substitution into the other equa-
tions. It should be noted that during the triangularization procedure,
the order of the equations may be changed to maximize the leading coeffi-

cient in each equation and thereby increase the accuracy of the solution.
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APPENDIX 11

CAMMPN FORTRAN NOMENCLATURE

The following tables give the Fortran nomenclature for the blank
and labeled blocks of CMM@N. There are twelve blocks of labeled C@MM@N
in addition to blank CSMMBN. Singly and doubly subscripted arrays are in~
dicated by indices | to N; the nomenclature for these is as follows:

| Design station index

J Streamline index

K Radial position index

L Stator, rotor, or stage index
M Blade row index

N Station index

Nomenclature for Blank C@MM@N

Fortran
Symbol Symbol Description Units
{BR I Blade row index _ -
1COEF Indicator:
ICHEF=0 if pressure-loss coef-=~
ficients are either specified
in the input data or calculated
internally from the loss corre-
lation
ICGEF=1 if the kinetic-energy-
loss coefficients are specified
in the input data -
1CONV Indicator:

IC@NV=0, primarily, if a con-

verged solution at a design

station has not yet been ob-

tained

IC@NV=1, primarily, if a con-

verged solution at a design

station has been obtained --
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Symbol
ICgpL

IDLETE

1DS

ILLg@P

IL@gP

IL@SS

IMIX

Symbol Description

Indicator:
ICPPL=0 if a coolant schedule
is not specified in the input
data
1CF@L=1 if a coolant mass flow
schedule is specified in the
input data
ICgPL=2 if a coolant mass flow
and total temperature schedule
is specified in the input data

Indicator:

IDLETE=0 if only the converged
results of the iteration loop on
streamline position are to be
printed at each design station
TDLETE=1 7T the results of each
pass through the iteration loop
on streamline

{ Design station index

Pass index of the iteration loop
on meridional velocity at the
mean streamline

Pass index of the iteration loop
on streamline position

Indicator:
1L@SS=0 if values of the loss
coefficient as a function of
radius are specified at each
stage exit
1L@SS=1 if values of rotor isen=-
tropic efficiency as a function
of radius are specified at each
stage exit
1L@SS=2 if values of stage isen-
tropic efficiency as a function
of radius are specified at each
stage exit

Indicator:
IMIX=0 if a mixing schedule is
not specified in the input data
IMIX=1 if a mixing schedule is
specified in the input data

Units
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Symbol Symbaol

Description

1SAV Spool index or, if there is only
one spool, index of the sets of
analysis variables

1SN Indicator:

1SPIN=0 if a subsonic solution is
desired at a stator exit

1S@N=1 if a supersonic solution
is desired at a stator exit

ISPEC Indicator:

ISPEC=0 if values of a loss
parameter as a function of
radius are specified at each
blade row exit

I1SPEC=1 if streamline values
of pressure-loss coefficient
are calculated from the
internal correlation without
an additional loss factor at
each blade row exit

ISPEC=2 if streamline values
of pressure-loss coefficients
are calculated from the in-
ternal correlation with an
additional loss factor at
each blade row exit

ISR1 Indicator:

ISRI=1 if a design station is
a stator exit

ISRI=2 if a design station is
a stage exit

1SR1=3 if a design station is
the inlet of the turbine
ISRI=L if a design station is
the inlet of a subsequent
spool

I1STG £ Stage index

IWRL Indicator:
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IWRL=0 if values at whirl ve~
Jocity as a function of radius
are specified at each stator
exit

IWRL=1 if values of flow angle
as a function of radius are
specified at each stator exit

Units
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Symbol

NDSTAT

NLINES

NSPAgL
NSTG
NTAPE

NTUBES

Fortran

Symbol
AY (J)

BET (J)

BETR (J)

BREFF (J)

CrRV(J)

nll

(n*-N/2

Description

and only subsonic solutions are

desired

IWRL=2 if values of flow angle

as a function of radius are
specified at each stator exit
and a supersonic solution is
desired at one or more stator
exits

Number of design stations on a
spool

Number of streamlines used in
the calculations (including
the hub and casing streamlines)
Number of spools

Number of stages on a spool

Output tape number

Number of streamtubes used
in the calculations

Nomenclature for C@MMEN/CEM1/

Symbol

(7gi);

(‘/rm),;j

Description

Streamline values of the stream-

line angle of inclination at a
design station

Streamline values of the abso-
Tute flow angle at a design
station

Streamline values of the rela-
tive flow angle at a blade row
exit

Streamline values of the blade
row efficiency at a blade row
exit

Streamline values of the stream-

line curvature at a design sta-
tion

Units

Units

rad, deg

rad, deg

rad, deq

per ft, per
in
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DFLAW (J) sz
EFFR(J) (7o)
EFFS (J) i)
EM(J) sz
EMR (J) ij-
FACL (J) ('c“'zi

GRND (J) (Vi1 eot);
P(J) P

PB(J) (Pai);
PER(J) (Pac);

REAC (J) le

T(J) i

DescriEtion

Streamline values of the calcu-
lated mass flow function at a
design station

Streamline values of the rotor
isentropic efficiency at a
stage exit

Streamline values of the stage
isentropic efficiency at a
stage exit

Streamline values of the abso-
lute Mach number at a design
station

Streamline values of the rela-
tive Mach number at a blade
row exit

Streamline values of the addi-
tional loss factor used in
conjunction with the internal
loss correlation at a blade
row exit

Streamline values of the inte-
grand appearing in the conti-
nuity equation for nonuniform
flow at a design station

Streamline values of the
static pressure at a design
station

Streamline values of the absoer
fute total pressure at a design
station

Streamline values of the rela-
tive total pressure at a blade
row exit

Streamline values of the reac-
tion at a blade row exit

Streamline values of the static
temperature at a design station

Uni ts

Ibm per sec

I1bm per ft
sec

psf, psi

psf, psi

psf, psi

deg R
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Symbol
TE(J)

TER(J)

VM(J)

VR(J)

VT (J)

VX (J)

WYE (J)

WYK (J)

Fortran

Symbol
cp(1)

Symbol

(7Bcb

)

Symbol

Cp,

Description

Streamline values of the abso-
lute total temperature at a
design station

Streamline values of the rela-
tive total temperature at a
blade row exit

Streamline values of the blade
velocity at a blade row exit

Streamline values of the abso-
lute velocity at a design sta-
tion

Streamline values of the me-
ridional component of the ve=
Tocity at a design station

Streamline values of the rela-
tive velocity at a blade row
exit

Streamline values of the tan-
gential component of the abso-
Tute velocity at a design sta=
tion

Streamiine values of the axial
component of the velocity at a
design station

Streamline values of the pres-
sure~-loss coefficient at a
blade row exit

Streamline values of the kinetic-

energy-loss coefficient at a
blade row exit

Nomenclature for CEMMIN/CEM2/

Description

Specified values of the specific
heat at constant pressure at
each design station of a spool

Units

deg R

deg R

fps

fps

fps

fps

fps

Units

Btu per 1bm

deg R
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Symbol - Symbol
CPI Cp
CcP2 T
CcP3 Coin
CPL & o
CP5 Chov
EJCPI Je,,
EJCP2 JE
GAMA1 & /-1
GAMA2 L./51)
GAMA3 L. /M8.1)
GAMB1 1/(6-1)
GAMC 1 (8-1)/z
GAMD2 L-1)/

DescriEtion

Specific heat at constant pres-
sure at a design station

Average value of the specific

heat at constant pressure across

a blade row

Average value of the specific

heat at constant pressure across

a stage

Average value of the specific

heat at constant pressure across

a spool

Average value of the specific

heat at constant pressure across

the turbine

Parameter related to the spe-
cific heat at a design station

Parameter related to the aver-
age specific heat across a
blade row

Parameter related to the spe-
cific heat ratio at a design
station

Parameter related to the aver-
age specific heat ratio across
a blade row

Parameter related to the aver-
age specific heat ratio across
a stage

Parameter related to the spe~
cific heat ratio at a design
station

Parameter related to the spe-
cific heat ratio at a design
station

Parameter related to the aver-

age specific heat ratio across
a blade row

e

Units
Btu per Ibm
deg R

Btu per lbm
deg R

Btu per lbm
deg R

Btu per lbm
deg R

Btu per lbm
deg R

ft 1bf per
1bm deg R

ft 1bf per
1bm deg R
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Symbol
GAMD3

GAMDA4

GAMD5

GAM1

GAM2

GAM3

GAML

GAM5

GASC

GGG1

GJCPI

GJCP12

GJCP2

GJCP22

Symbol
(J;_-u— ")/ i“"

(? w I)/JTL.,,,

(Z;V—I)/J:W

pi

2?0 JEPL'I

Description

Parameter related to the aver-
age specific heat ratio across
a stage

Parameter related to the aver=-
age specific heat ratio across
a spool

Parameter related to the aver-
age specific heat ratio across
the turbine

Specific heat ratio at a design
station

Average value of the specific
heat ratio across a blade row

Average value of the specific
heat ratio across a stage

Average value of the specific
heat ratio across a spool

Average value of the specific
heat ratio across the turbine

Gas constant of the working
fluid

Parameter related to the gas
constant and the specific
heat ratio at a design sta-
tion

Parameter related to the spe-
cific heat at a design sta-
tion

Parameter related to the spe-
cific heat at a design station

Parameter related to the aver=-
age specific heat across a
blade row

Parameter related to the aver=
age specific heat across a
blade row

Units

ft 1bf per
1bm deg R

ft2 per

ft2 per
deg R

ft2 per

ft2 per
deg R

ftz per
deg R

sec

secC

s5ec

sec

sec
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Symbol
GJCP32

GJCPL42

GJCP52

Fortran

Sxmbol
BETRU (J)

BETU(J)

BREFFZ(J)

DP@UDR (J)

DPRUDR (J)

DTRUDR(J)

PAd (J)

196

Symbol

Z9oJSEpin
Z?g JC;£III

Z?DJE

p,ov

DescriEtion

Parameter related to the

age specific heat across a

stage

Parameter related to the

age specific heat across a

spool

Parameter related to the
age specific heat across

turbine

the

Nomenclature for CZMMEN/C@EM3/

Symbol

7

f3th
ﬁi-t,j
(7e,e-1);

(d;g;,/drb

%
(d i1 /df?l

(@1, /dr);

<Po,¢'-l)j

Descr

iption

Streamline values of the
relative flow angle upstream
of a design station

Streamline values of the ab-
solute flow angle upstream
of a design station

Streamline values of the
blade row efficiency at a

stator exit

Streamline values of the de-
rivative of the modified up-
stream absolute total pres-

sure with respect

Streamline values

derivative of

upstream relative
sure with respect

Streamline values

to radius

of the

the modified
total pres-
to radius

of the de-

rivative of the modified up~-
stream relative total pres-
sure with respect to radius

Streamline values of absolute

total pressure at the previous

design station

aver-

aver-

aver-

Units

ft2 per sec2
deg R

2 per sec2
deg R

ft2 per sec2
deg R

Units
rad

rad

1bf per ft3

1bf per fto

deg R per
ft

psf
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Szmbol
PEB2 (J)
PARU (J)

PAU(J)

REACH (J)

TB8(J)

T892 (J)

TBRU(J)

THU(J)

uu(J)

VRU(J)

VTU(J)

vu(J)

Symbol

(P",l"z )j

L

(Pa,i-l J

(Poyi-s )y

u’i-/,j
i—;,j
(Vu,i—()j

Vi-l,j

Description
Previous set of values of P@p

Streamline values of relative
total pressure upstream of a de~
sign station which may have been
modified through mixing

Streamline values of absolute
total pressure upstream of a de-
sign station which may have been
modified through mixing

Streamline values of reaction at
a stator exit

Streamline values of absolute to-
tal temperature at the previous
design station

Previous set of values of T@P

Streamline values of relative
total temperature upstream of

a design station which may have
been modified through mixing
and/or cooling

Streamline values of absolute
total temperature upstream of a
design station which may have
been modified through mixing
and/or cooling

Streamline values of the blade
velocity at the previous design
station

Streamline values of the rela-
tive velocity at the previous
design station

Streamline values of the tan-
gential velocity at the previ-
ous design station

Streamline values of the abso-
lute velocity at the previous
design station

Units

psf

psf

psf

deg

deg

fps

fps
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Sxmbol
WYEZ (J)

Fortran
Symbol
FLw (1)
FLWP

HP

RPM

RST(J)

WEN(J)

Fortran

Symbol
ASTR(K, 1)

ASTS(K)

BETLT(K)

CSTR(K, 1)

Symbol Description
ﬂqd Streamline values of the pres-
sure-loss coefficient at a
stator exit
Nomenclature for COMM@N/C@ML/
Symbol Description
W, Total mass flow at each design
station of a spool
we Total mass flow at a particular
design station
£ Total power output of a spool
2 Rotative speed of a spool
. Streamline values of the stream-
1 line radial position at a design
station
w! Streamline values of the nondi-
J mensional mass flow function
Nomenclature for C@MMPN/CEM5/
Symbol Description
A¢ Radial values of the streamline
angle of inclination specified
at each design station of a
spool
A; Radial values of the streamline
angle of inclination specified
at a design station
Bontet Radial values of the flow angle
specified at the turbine inlet
(/Tm), Radial values of the streamline

curvature specified at each
design station of a spool

Unfts

1bm per sec
Tbm per sec

ft 1bf per
sec, hp

rad per sec,
rpm

Units

rad, deg

rad

rad, deg

per ft, per
in
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Symbol
CSTS(K)

DTH(J)

FHP (L)

FLWC

IPGF(L)

ISTRAC

NLT

NSTAT

NSTRAC

NXT

Sxmbo]
(I/rm),,

(ATQHL

n+z

Description

Radial values of the streamline
curvature specified at a design
station

Streamline values of the drop in
absolute total temperature across
a rotor

Fractions of the total power out-~
put of a spool produced by each
stage

Coolant mass flow added in a
blade row

Values of an indicator at each
stage exit of a spool:
1PGF (1)=0 if a uniform power
output distribution is desired
at a stage exit
IPgF (1)=1 if a nonuniform power
output distribution is desired
at a stage exit

Indicator:
ISTRAC=0 if the streamline angies
of inclination and curvatures
are calculated internally at each
design station
ISTRAC=1 if values of streamline
angle of inclination and curva-
ture as a function of radius are
specified at each design station

Number of radii at which the tur-
bine inlet conditions are speci=-
fied

Number of stations of the spool,
including one upstream station
and one downstream station

Number of radii at which stream-~
line angles of inclination and
curvatures at each design station
of a spool are specified

Number of radii at which the exit
conditions of each blade row of
the spool are specified

Units

per ft

deg R

1bm per sec

1bm per sec
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Sxmbo]
P@F(J,L)

PALT (K)
RANN(N, 1)
or RANN(N,2)

RLT(K)

RSTRAC(K, I)

RSTRAS (K)

RXTS (K)

THC (M)

TOLT(K)

WRLS (K)

XMIX(J,M)

Sxmbo]

~3

Kenir);

Description

Streamline values of the nondi-
mensional power output function
specified at each stage exit of
the spool

Radial values of the absolute
total pressure specified at the
turbine inlet

Radial position of the hub and
casing at either each station or
each design station of the spool

Radial coordinates at which the
turbine inlet conditions are
specified

Radial coordinates at which the
streamline angles of inclination
and curvature are specified at
each design station of a spool

Radial coordinates at which the
streamline angles of inclination
and curvature are specified at

a design station

Radial coordinates at which the
exit conditions of a blade row
are specified

Absolute total temperature of
the coolant added in each blade
row

Radial values of the absolute
total temperature specified at
the turbine inlet

Radial values of either the
whirl velocity or the flow
angle specified at a stator
exit

Streamline values of the mix-
ing coefficient specified for
each blade row of the spool

Units

psf, psi

ft, in

ft, in

ft, in

ft

ft

deg R

deg R

fps or rad



Fortran

Symbo1 Description Units
XSTAT (N) Axial position of each station
of the spool ft, in
Y85s (K) Radial values of the loss pa-
rameter specified at the exit
of a blade row -
Nomenclature for CEMMEN/CEME/
Fortran
Symbol Description Uni ts
CNV1 Conversion factor from ft to in in per ft
CNV2 Conversion factor from sq ft to sq in per sq
sq in ft
CNV3 Conversion factor from rad to
deg deg per rad
CNV5 Conversion factor from hp to ft ft 1bf per
1bf per sec sec hp
EJAY Conversion factor from Btu to ft 1bf per
ft 1bf Btu
GY % Conversion factor from 1bf to 1bm ft per
Ibm ft per sec? Ibf sec?
Pl T Constant factor -
THLWY Tolerance used to test the con-
vergence of the iteration for
loss coefficient --
Nomenclature for CEMMBN/CEM7/
Fortran
Symbol Symbol Description Units
CPT60 colm/3 Constant equal to 0.57735 -=
DFLWT w;, Mass flow at a design station as
calculated from the continuity
equation for the current esti-
mate of meridional velocity in
the mean streamline 1bm per sec

201




Fortran

Sxmbol

DFLWTY

EMMAX
EMMIN

ICNT

JJ

JJP

MEAN

RATI@

VMM

VMM@

VMM@@

Fortran

Symbol
DADR (J)

202

(

(M%iZn,r&L

V

me

'lmo&t

DescriEtion

Mass flow at a design station as
calculated from the continuity
equation for the previous esti-
mate of meridional velocity at
the mean streamline

Constant equal to 0.8
Constant equal to 0.1

Index of the number of changes
in sign of the derivative of
calculated mass flow with re-
spect to meridional velocity at
the mean streamline in the it-
eration procedure

Variant of the streamline index

Index of the streamline follow-
ing that streamline indicated
by JJ

Index of the mean streamline

Ratio of calculated mass flow
based on the current estimate
of meridional velocity at the
mean streamline to the specified
mass flow at a design station

Current estimate of the meridio-
nal velocity at the mean stream-
line of a design station

Previous estimate of the meridio-

nal velocity at the mean stream-
line

Previous value of VYMM{@

Nomenclature for C@MMIN/CEM8/

Symbol
(dA, Jdr);

Description

Streamline values of the deriva-
tive of streamline angle of

Units

1bm per sec

fps

fps

fps



Fortran

Sxmbol

DBDR(J)

DP@DR (J)

DTZDR (J)

DVTDR (J)

DWYDR (J)

Fortran

Symbol
BREA (M)

BREAP
ENMI
FLWM

gJs

Symbol

(dgﬁ/drb

(dFLUAir%

(d7;‘ /dr‘)J

(d Vaf/d")‘,'

(@Y, /dr);

Nomenclature for CHMMPN/C@M9/

DescriEtion

inclination with respect to ra-
dius at a design station

Streamline values of the deriva-
tive of flow angle with respect
to radius at a design station

Streamline values of the deriva-
tive of the total pressure with
respect to radius at a design

station

Streamline values of the deriva-
tive of the total temperature
with respect to radius at a de-

sign station

Streamline values of the deriva-
tive of the tangential velocity
with respect to radius at a de-

sign station

Streamline values of the deriva-
tive of the pressure-loss coeffi-
cient with respect to radius at a

blade row exit

Symbol
Tas

7?8«.'

(,—j's)cv

Description

Mass averaged value of the blade
row efficiency for each blade

row of the spool

Mass averaged value of the blade
row efficiency for a blade row

Floating point representation of
the number of streamtubes

Mass flow rate at the inlet of

the turbine

Over-all blade-to-jet speed
ratio based on mass averaged

values

Units

per ft

per ft

1bf per ft3

deg R per
ft

per sec

per ft

Uni ts

Ibm per sec
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Sxmbol

BTE

gTs

gTT

o

SJS(L)

SJSP
SPJS
SPP

SPSE
SPTE

SPTS

SPTT

SPW

SSE(L)

Symbol

( ﬁstat )OV

Prag Jov

( rpts (14
( r‘ptt )ov

WO v

Mt Vo

(777bt)£"‘

('npts)l""

( r‘ptb )i.'
..

( 775 tat ),;"

Descrigtion

Over-all static efficiency based
on mass averaged values

Over-all total efficiency based
on mass averaged values

Over-all total-to-static pres-
sure ratio based on mass averaged
values

Over-all total-to-total pressure
ratio based on mass averaged val-
ues

Over-all work output of the tur-
bine based on mass averaged val=-
ues

Stage blade-to-jet speed ratio
based on mass averaged values
for each stage of a spool

Stage blade-to-jet speed ratio
based on mass averaged values

Spool blade-to-jet speed ratio
based on mass averaged values

Spool power output based on mass
averaged values

Spool static efficiency based on
mass averaged values

Spool total efficiency based on
mass averaged values

Spool total-to-static pressure
ratio based on mass averaged
values

Spool total-to-total pressure
ratio based on mass averaged
values

Spool work output based on mass
averaged values

Stage static efficiency based
on mass averaged values for
each stage of a spool

Units

Btu per Ibm

Btu per 1bm
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Sxmbol
SSEP

STE(L)

STEP

SW(L)

SwP

Fortran

Sxmbol
FLWCN(M)

NAY
NBR

RNXT (K, L)

RSXT (K,L)

WRL (K, L)

Y@SS (K, M)

Symbol,

(qstat)["

(77Tot )l."'

¢ 77Tot )l"

DescriEtion

Stage static efficiency based on
mass averaged values

Stage total efficiency based on
mass averaged values for each
stage of a spool

Stage total efficiency based on
mass averaged values

Stage work output based on mass
averaged values for each stage
of a spool

Stage work output based on mass
averaged values

Nomenclature for COMMEN/CEMI10/ ‘

Symbol

[}
ed!

n'-1

Description

Mass flow of the coolant added
in each blade row of the spool
expressed as a fraction of the
inlet mass flow of the turbine

Number of sets of analysis
variables

Number of blade rows of a
spool

Radial coordinates at which
exit conditions are specified
for each stator

Radial coordinates at which
exit conditions are specified
for each rotor

Radial values of either the
whirl velocity or the flow
angle specified at each stator
exit of a spool

Radial values of the loss pa-
rameter specified at each blade
row exit of a spool

Btu per 1bm

Btu per 1bm

ft, in

ft, in

fps or rad
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Symbol
AYP

COSA

cgsB
C#sQe

DBDRP

DBRUDR (J)

DBUDR (J)

DFLDR (J)

DVRUDR (J)

DVUDR (J)

TANB

VMP

VsQ

VTP

Nomenclature for CAMMEN/C@MI1

Symbol

cod 4.

[3
co,
cod’;

dp, /dr

dg;, /dr);

(dg,, /dr),

(df,; /dr),

Oivll/df&

(dV,, /dr)

DescriEtion

A value of the streamline angle
of inclination

Cosine of the streamline angle
of inclination

Cosine of the flow angle
Square of C@SB

A value of the derivative of
flow angle with respect to ra-
dius

Streamline values of the deriva-
tive of the upstream relative
flow angle with respect to ra-
dius

Streamline values of the deriva-
tive of the upstream absolute
flow angle with respect to ra-
dius

Streamline values of the deriva-
tive of the additional loss fac-
tor with respect to radius

Streamline values of the deriva-
tive of the upstream relative
velocity with respect to radius
Streamline values of the deriva-
tive of the upstream absolute
velocity with respect to radius
Variant of the streamline index

Tangent of the flow angle

A value of the meridional ve-
locity

A value of the square of the
absolute velocity

A value of the tangential ve-
loci ty

Units

per ft

per ft

per ft

per ft

per sec

per sec

fos

fps

fps
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Symbol
YCAN(1)

YCEN (2)

YCON(3)

YCEN (L)

YCON(5)

YCON(6)

YCEN(7)

YCoN (8)

YCON(9)

Nomenclature for COMMON/CEM12/

Description

Constant in the internal corre-~
lation of total-pressure-loss
coefficient

Constant in the internal corre-
fation of total-pressure-loss
coefficient

Constant in the internal corre-
lation of total-pressure-ioss
coefficient

Constant in the internal corre-
lation of total-pressure-loss
coefficient

Constant in the internal corre-
lation of total-pressure-loss
coefficient

Constant in the internal corre-~
lation of total-pressure-loss
coefficient

Constant in the internal corre-
lation of total-pressure-Jjoss
coefficient

Constant in the internal corre-
lation of total-pressure-loss
coefficient

Constant in the internal corre-
fation of total-pressure-~loss
coefficient

Units
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APPENDIX 111

MAIN RBUTINE

The primary function of the main routine (deckname TD) is to con-

trol the over-all logic flow of the computer program.

In addition, the

main routine reads the input data, writes sections of the output, sets

certain values, and performs several elementary calculations.

The main routine calls Subroutines INPUT, STRAC, SPECHT, P@WER,

STRIP, STRVAL, VMNTL, RADEQL, VMSUB,

11AP1, REMAIN, SETUP, @UTPUT, and

LCNV. The external input required by the main routine consists of:

ASTR BETLT
FHP FLWCN
ICBEF ICooL
IMIX IPGF
IWRL NAY
NSTG NSTRAC
RANN RLT
RSXT T4C
XSTAT Y@SS

CAMENT
FLWM
IDLETE
ISgNIC
NLINES
NXT
RNXT

TOLT

cP
GASC
IEXTRA
ISPEC
NLT
POF
RPM

WRL

CSTR
HP
IL@SS
ISTRAC
NSPAJL
POLT
RSTRAC

XMIX

The external output provided by the main routine, in addition to seven

error messages, consists of:

BETLY CHMENT
NAV NLINES
RLT TOLT
WYE

DFLWT
NSPAAL

VM

FLWM
P@

VMM

GASC
POLT

VT

A majority of these symbols, as well as others used in the main routine,



are described in the CAMMIN Fortran Nomenclature; the main routine has

access to all of the blocks of C@MM@N.

Additional Fortran Nomenclature for the Main Routine

symbols used in the main routine which are not part of C@MM@N.

Fortran

Sxmbol

CNvL
COMENT
DFL@WP

IEXTRA

IFLIPD

IREPET

Symbol

60/an

]

Description

Conversion factor rad per sec to

rpm

A statement describing the case
under consideration

A streamline value of the mass
flow function

Indicator:

IEXTRA=0 if the results of the

passes through the iteration

Toop on meridional velocity at
the mean streamline are not to

be printed

1EXTRA=]1 if the results of the

passes through the iteration

loop on meridional velocity at

the mean streamline are to be
printed when the results of a

pass through the iteration loop

on streamline position are to
be printed

Indicator:

IFLIPD=0 if the slope of the
curve of mass flow versus me-
ridional velocity at the mean
streamline has not changed in
sign four times

IFLIPD=1 if the slope of the
curve of mass flow versus me-
ridional velocity at the mean

streamline has changed in sign

four times

Indicator:
IREPET=0 if the last three

The following table gives the Fortran nomenclature for those

Units

rpm per rad
per sec

1bm per sec
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Fortran
Symbol

ISENIC (L)

ITAPE

LATEST

LSTPSS

NCNT

NLL@@P

210

Symbol

Description

values of meridional velocity
at the mean streamline did
not differ by less than one
part in 106

IREPET=1 if the last three
values of meridional velocity
at the mean streamline dif-
fered by less than one part
in 106

Values of an indicator:
ISENIC=0 if a subsonic solu-
tion is desired at a stator
exit
ISPNIC=1 if a supersonic so-
lution is desired at a stator
exit

Input tape number
Streamline index

Value of ILLPPGP for the first
loop in which a valid distribu-
tion of meridional velocity is
obtained

Indicator:
LSTPSS=0 if difficulty has not
been encountered in the cal-
culation of the meridional ve-
locity distribution on or
after the thirtieth iterative
1oop
LSTPSS=1 if difficulty has
been encountered in the cal-
culation of the meridional
velocity distribution on or
after the thirtieth iterative
loop and a final pass is to
be undertaken

Maximum number of allowable
changes in sign of the slope of
the curve of mass flow versus
meridional velocity at the mean
streamline

Maximum number of iterative loops

Units



Fortran

Symbol Symbol
NL@gP

RP rj

THL

TOLFLY

TOLRAD

TUBFLY w;, /(n=1)
VMMCHK Voot I, ot
VMMCK2 (Vi Do ot
UMMGD (Vi D
VMMLB (Vi) m
VMMLBI1 Vori D

DescriEtion

used to satisfy continuity

Maximum number of iterative loops
used to converge on streamline
position and, if kinetic-energy~
loss coefficients are specified
at a design station, pressure-
loss coefficient

A streamline value of the rgdia]
position

A variant of the tolerance used
to check whether continuity is
satisfied

Tolerance used to check whether
continuity is satisfied

Tolerance used to check whether
converged streamline positions
have been obtained

Mass flow in a streamtube

Value immediately preceding of

the meridional velocity at the

mean streamline which yielded a
valid solution for the meridio=-
nal velocity distribution

The previous value of VMMCHK

Minimum value of meridional ve-
locity at the mean streamline
which yields a valid solution
for the meridional velocity dis~-
tribution

Maximum value of meridional ve-
Jocity at the mean streamline
which fails to yield a valid so-
lution for the meridional ve-
locity distribution

Current value of meridional ve-
locity at the mean streamline
which fails to yield a valid
solution for the meridional ve-
locity distribution

Units

1bm per sec

fps

fps

fps

fps

fps
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Internal Structure

A Fortran listing of the main routine is given on the following
pages. The main routine performs many of the steps detailed in Appendix I;

the steps together with the corresponding card sequence numbers are listed

below.

Step of Analysis Procedure Sequence Numbers
1 0040 - 0058
2 0059 - 0060
3 0061 - 0065
L 0066 - 0071
5 0072
6 0073 - 0096

7.1 0097
7.3 0098 - 0143
9 0145 - 0170
10 0171 - 0179
14 0200 ~ 0207
15 0208 - 0218
28 0246 - 0260
L8 0262 - 0274
0275 - 0278
Lo
0287 - 0290
50 0279 - 0286
51 0302 ~ 0317
52 0318 - 0319
53 0320 - 0326
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Step of Analysis Procedure

5k
56
57
58
59
78
79
81
82
83
8l
85
86

Sequence Numbers

0327 - 0340
0356
0359

1 0362 ~ 0368
0369
0362 - 0368

0372 - 0381

0382

0387
0388

0390
0391
0392 - 0422
0423
oL2L
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&

$IBFTC TO LIST, DECK M4
c
c TURBINt DESIGN PRNGRAM -~ MAIN ROUTINE

o

214

CUMMON IBR,ICOEF ,ICONV,ICCCL, IDLETE,ICS.ILLOQP, ILOOP, ILOSS,
1IMIX I SAV. ISONSISPEC oISRISZISTGy IWNRL JNDST AT o NLINES,NSPOOL
ZNSTGy NTAPL «NTUBRES

COMMON /CCML/AY(17),BET(17),BETR{LT),RREFF(L17),CRV(17),
IDFLOW{L1T) JEFFR{1T) 9EFFSILIT)EM(L1T)EMR{L1T7T), FACLL17),GRND(LT),
2P{17) +PO(LT)yPCRIY7) JREAC(LTIST(LIT)»TO(L7),TOR(LTIZU(LT)
AVILT) o VM{LT) oVRILT) s VT{LT) yVX{LT7) yWYE(LT) ,WYK(1T7)

COMMON /CCMZ/LP(1T7)+CPLCP2,CP3,CP4,CPS,EJCPL,EJCP2,
1GAMAL ,GAMA2 ,GANMA3 ,GAMB]1 ,GANMCL,GAMC2,GAMD3, GAMC 4, GAMDS,
2GLM1 ,GAM2 yGAM3 GAM4 sGAMS ,GASCy GGGl GJICPL,GICPL2,GICP2,
3GJCP22,G5JCP32,GJCP42,GJCP52

COMMON /CCM3/BETRU(LT),BETU{17),BREFFO(17),DPOUDR(17),
LDPRUDR(L7) DTRUDR(17),P0O0O(17),PCGCG2(17)4PORU(17),POULLT),
ZREACI(17)TOO(17),TOD2{17),TORU(1T7),TOU(L7),UU(LT),
SVRULLT) s VIULLT Y, VU(L1T7)4WYFG(1T7)

CNMMON JCUOMG/FLWILT) JFLWP,HP,RPVN,RST(17),WFN(17)

COMMON /T OUMS/ASTRILIT7 .1 7Y ASTS{17)BETLT(17),CSTR(17,17),
LCSTS(17),0T0(17) 4 FHP(8) yFLWC,IPOF(8), ISTRAC,NLT,

SNSTAT yNSTRAC ¢NXT o POF(1748) yPOLTI{L7)RANN(19,42),RLT(1T7),
JRSTRAC(LT oL 7) yRSTRAS(L7) 4RXTS{LT)oTCC(L6),TOLT(17),
GWRLS{17) o XMIXTL7416) yXSTAT(19),Y0S(17)

COMMIN /COMB/CHVLsCNV2,CNV3 o CNVSsEJAY 4 GO PI o TOLWY
SOMMON /COMT/CHOTO0 ¢ DFLWT s DFLWTOEMMAX, EMMIN, ICNT, JJy
LJJP MEAN JRATIO VMM,V ¥NGC,VMMOO

COMMON /ZOMB/DADR(17) 4DBDR(17),DPODR{17),DTODR(17),
1DVIDR{17),DWYDR(17)

COMMON /COMS/RREA(16),BREAP,ENML,,FLWMy CISyOSE,OTE,OTS,
1O0TT,0W,SJIS(8) 9 SISPeSPISySPP (SPSESPTESPTSy SPTT,SPW,SSE(8),
2SSEP,STE(8) ,STEPSW(8) 4SWP

COMMDN /CCM1O/FLAWCN(16) ¢ NAV,NBRyRNXT(1748) 4RSXT(17,8),
IWRL(LT748),Y0SS(L7,y16)

COMMON /ZUM11/ AYP,COSA,CCSByCOSQBsCBGRP4CBRUDR(17),DBUDR{ LT},
LOFLDR (17),DVRUDR(17) sDVUDR(L7)1JsTANB,VMP,VSQ,VTP

COMMON /CCM12/ YCUN(9)

DIMCNSION COMENY(12),ISONIC(8)

TOD

NAMFLIST /NAML/NSPOOL +NAV¢NLINESyGASCyFLWMyNLT yRLTTOLT,POLT,BETLTTD

NAMELI ST /NAM2/RPMoHP ¢NSTGyFHPCPsXSTAT)RANNsNSTRAC,
LRSTRAC,ASTRyCSTReFLWCNsTOCo XMIXyNXTy ISONICoRNXTy WRL, [POF,POF,
ZRSXT,YCSS, YCON

ITAPE=S

NTAPE=6

CNV1=12.0

CNV2=144.0

CNV3=57,29578

CNV4=9.,54930

CNVS5=55%0.0

EJAY=T78.16

6G0=32.1739

CO0T60=0.57735

EMMAX=C.8

EMMIN=0.1

PI=3.141593

TOLFLW=0.00010

NLLOOP=35

NCNT=3

TOLRAD=0.00010

70
TD
T0
L))
TD
1D
TD

ocol
Cccao2
0co3
0004
0cos
0CCo6
0007
ocoe
ccces
oclic
0Cl1
0012
ocl13
0Cl4
0Cl15
0016
oc17
ociLe
0019
0020
ocz21
0022
0023
0024
cc25
0026
0027
0028
0C29
0C30
0031
0C32
0C33
CC34
0035
0C36
0Cc37
cc3ie
0C39
CCacC
0cal
0042
00473
0C44
0C45
004¢
0Ca7
0C48
0C49
0050
0cs1
0C52
0053
0054
00595
0056



[z XsNaNal

oao

[z N g Nel

aooO0

o0

[N o

TOLWY=C.00010
NLODP =25

BEGIN CASE LOOP
READ GENERAL INPUT DATA

10 READ (ITAPE,20) COMENT
20 FORMAT (12A6)
READ (ITAPE,30) ICOEF,ISPEC,ILOSS+IWRL,ICO0L, IMIX, ISTRAC,
1 IDLETE.IEXTRA
30 FORMAT (1216}
IF (ICCEF.EQ.1) ISPEC=0
READ (ITAPE,NANL)
MEAN=(NLINES+1)/2

CALCULATE STREAMLINE VALUES OF NONDIMENSIONAL MASS-FLOW FUNCTION
NTUBES=NLINES-1
ENM1=F LOAT(NTUBES)
DO 40 J=1,NLINES
40 WFN(J)=FLOAT(J-1)}/ENNML
1Sav=0
BEGIN SPOOL LOOP OR ANALYSIS VARIABLE LOOP

50 ISAV=ISAV+l
IF (NSPUOOL «GT.1l. AND.ISAV.GT.1) GO TO 150

PRINT GENERAL INPUT

WRITE (NTAPE,60) COMENT

60 FORMAT (1H1////28X,76H*® PROGRAM TD — AERODYNAMIC CALCULATIONS FORTC

1 THE DESIGN NF AXTAL TURBINES °®'////30X,1246)

WRITE (NTAPE,70) NSPOOL
70 FORMAT (////53X,26H*%% GENERAL INPUT DATA **% 177754X,

1 19HNUMBER OF SPUOLS = ,14)

IF (NSPOOL.GT.1) GO TG 90

WRITE (NTAPE,80) NAV
80 FIRMAT (34X,39HNUMBER OF SETS DOF ANALYSIS VARIABLES = ,I4)
90 WRITE (NTAPE,100) NLINES,GASC,FLW¥M

100 FORMAT (49X,26H4NUMBER OF STREAMLINES = ;I4//58Xy15HGAS CONSTANT =
1+F10.5,17H LBF FT/LBM DEG R/S55X418HINLET MASS FLOW = +F10.5
28H LBM/SEC)

WRITE (NTAPE,,110) (RLT(J) yTOLT(J)¢PCLTIJ)yBETLT(J)sJd=1yNLT)

110 FORMAT (///50X,32H% TABULAR INLET SPECIFICATIONS *//743X,
16HRADTALy8XySHTOTAL 98Xy SHTCTAL 96X ¢8HABSOLUTE/41Xy10HCOORDINATE,
23Xy l11HTEMPERATURE 33Xy BHPRESSURE ¢4 X9 LOHFLOW ANGLE/44Xs4H{IN),
38Xe 7TH(DEG R) 4 7XySH(PSI) y8XSH(DEG)I//{39XyF10.4y6XsF8.2,
44X9F9.445XyFBe3})

CONVERT GENERAL INPUT INTO A CONSISTENT SET OF UNITS
D0 120 J=1,NLT
RLT(J)=RLT{J)/CNVI
POLT(J)=CNV2*POLT(J)
120 BETLT(J)=BETLT(JI/CNV3
READ SPGOL INPUT

150 READ (ITAPE.NAM2)

cCs57
0058

0C59
0060
0061
0C62
(o X}
0Cs4
0065
006¢

0ce7
0068
0Ce69
0c7C
0c71

0Cc72
0073

0074
0075
0C76
ocr?
ccr8
0C79
0csc
ccsl
0082
0083
0cs4
ocss
0086
ocs?v
ocCss
ocss
0090
0091
0C92

0C93
0C94
0C95
0cs6

ocs7
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180
200

LR gN e

580

582

584 FORMAT (1H1////31X,41H%%%* OQUTPUT CF SPOOL DESIGN ANALYSIS (SET ,
112,27H OF ANALYSIS VARIABLES) #*#*x)

586

588 FORMAT (1H1////763X,40H*%* QUTPUT OF DESIGN ANALYSIS FOR SPOOL
LE244H %*%%)

aoa

590

600
610

615

620
630

640

650

(s pRaNal

660

(g XaNa

NRR=2#*NSTG

ND STAT=NBR+1

NSTAT=NBR+3

DO 200 [STG=1+NSTG

IF (IPOF(ISTG).EQ.1l) GO TC 200
DO 180 J=1,NLINES
POF(J,ISTG)=WFN(J)

CONTINLE

PRINT SPOOL INPUT

CALL INPUT

IF (NSPUOL.GT.1l) GO TO 586
If (NAV.GT.l) GO TO 582
WRITE (NTAPE+S580)

FORMAT (1HL1///746X,39H*** QUTPUT OF SPOOL DESIGN ANALYSIS *%%)

GO T3 590
WRITE (NTAPE,S84) ISAV

GO TO 590
WRITE (NTAPE,588) ISAV

CONVERT SPOOL INPUT INTO A CONSISTENT SET OF UNITS

RPM=RPM/CNV4

HP=CNVS5*HP

I[F (ISTRAC.EQ.L) GO TC 610
DO 600 I=1,NSTAT
XSTAT(I)=XSTAT({I)/CNV1

30 600 J=1,2

RANN(TI ,J)=RANNI(I ,J)/CNV1
GO TO 630

DO 620 1=1,NDSTAT

DN 615 J=1,2

RJANN(T yJ) =RANNI(I ,J) /CNV1
D0 620 J=1,NSTRAC
RSTRAC{JoI)=RSTRAC(Jy1)/CNV1
ASTR(J,[)=ASTR{J,[)/CNV3
CSTR{J4I)=CNVI*CSTR(Js1I}
DO 640 I=1,NSTG

DO 640 J=1,NXT
RNXT(JsI)=RNXT (JyI)/CNV1
IF (IWRL.EQ.O0) GO TO 640
HRL(J»T)=WRL(J,I)/CNV3
CONTINUE

IF (ISPEC.EQ.1) GO TO 660
D0 650 T1=14NSTG

DO 650 J=14NXT
RSXT(JsI)=RSXT(Jo[}/CNVL

IF TABULATED VALUES OF STREAMLINE ANGLES AND CURVATURES HAVE NOT
BEEN GIVEN, ENTER SUBROQUTINE STRAC

IF (ISTRAC.EQ.0) CALL STRAC
1DS=0

BEGIN DESIGN STATION LQGP

0098
cCc99
oL0C
CciCl1
o102
o103
0104
01¢5

0106
0107
o108
010S
o11cC
o111
0112
0113
0114
0115
0116
o117
o118

Cl19
0120
o121
0122
0123
0124
0125
0126
c127
0128
0129
013¢C
0131
0132
0133
0134
0135
0136
0137
0138
0139
ol14C
0141
0la2
0143

0144
0145



oo

[ E e N e RN

700

710
720
730
7150
160
170
780
190

800
810

1820

830

840
850

900

910
220

930

940

[0S=1DS+1

ISTG=1DS/2

IBR=IDS-1

IF (IDS.EQ.1) GO TO 720

IF (2%ISTG.NEL.IDS) GO TO 710

ISRI=1

30 TO 7150

ISRI=2

GO TO 750

IF (NSPUOOL.GT. le AND. ISAV.GT.1) GO TO 730
ISRI=3

GO0 TO 750

ISRI=4

IF (IDLETECEQe 1o AND<ISRI.LT<3) WRITE (NTAPE,760)
FORMAT (1H1)

If (ISRI.LT.3) G0 TO 780

WRITE (NTAPE,T7T70)

FORMAT (//7/7756X4y20H%* STATOR INLET 1 *%)

60 YO 820

IF (ISRI.EQ.2) GO TQ 800

WRITE (NTAPE+790) ISTG

FORMAT (//7/7749X,29H** STATOR EXIT -~ ROTOR INLET 4 11,3H ¥*)
GO TD 820

WRITE (NTAPE,810) ISTG

FORMAT (////57X¢14H%** STAGE EXIT oIls3H *¥)

OBTAIN THE MASS FLOW

IF (ICCUL.EQe040Re ISRT4EQe3) GO TO 830
IF {ISRI.EQ.4) 50 TO 840
FLWP=FLWP+FLWC

IF (IDS.EQ.NOSTAT) GO TO 850
G0 TO 840

FLWP=FLWM

IF (ICOOL.EQ.0) GO TQO 850
FLUC=FLWCN(IDS)*FLWM
FLW(IDS)=FLWP

IF (ISRI.EQe4) 30 TO 1710
CALL SPECHT

IF (ISRI.EQe2) CALL POWER
CALL STRIP

CERTAIN DATA FOR THE DESIGN STATIGN ARE PUT INTO A MORE CONVENIENTTC

FORM

DO 900 J=1,NSTRAC
RSTRAS(J)=RSTRAC{J,IDS)
ASTS(J)=ASTR (J,1DS)
SSTS(J)=CSTR(J,I0DS)

IF (ISRI.EQ.3) GO TO 1050
IF (ISRI.EQ.2} GO TO 920
00 910 J=1sNXT
RXTS{J)=RNXT(J,ISTG)
WRLS(J)=WRL(J ISTG)

IF (IWRL.EQ.2) ISON=ISONIC(ISTG)
IF (ISPEC.EQ.1) GO TO 1050
D0 930 J=1sNXT
YOS{J)=Y0SS(J,IBR)

IF (ISRI.EQ.1) GO TO 950
00 940 J=1,NXT
RXTS(JI=RSXT(J,ISTG)

Cl46
0147
0148
014s
015C
0151
0152
0153
0154
0155
0156
0157
158
0159
0160
016l
C162
0163
0164
0165
0166
0167
0168
0165
0170

0171
o112
0173
0174
0175
0176
cL77
017e
0179
o18C
0181
o182
o183

0184
0185
0186
0187
o188
0189
0190
0191
0192
Ccl193
0194
G195
0196
0197
0198
0199
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WHEN REQUIRED, OGBTAIN INITIAL ESTIMATE OF LOSS COEFFICIENTS

[Nz Xp)

950 IF (ICOEF.EQ.0) GO TO 1050
IF (ISRI.EQ.1) 6G TO 990
IF (ILOSS.NE.O) GO TD 1050
00 970 J=1,NLINES

970 WYE(J)=0.10
GO 70 1050

990 DO 1010 J=1,4NLINES

1010 WYE(J)=0.05

1050 ICONV=C
IL00P=0
LSTPSS=0

BEGIN ITERATION LOOP ON STREAMLINE POSITION ANDy WHEN REQUIRED,
LOSS CTCEFFICIENTS

(e XzNaXg]

1100 ILOOP=ILO0P+1
IF (IDLETE.EQ.O0) GO TO 1120
IF (ICONV.EQ.l)} GO TO 1110
WRITE (NTAPE,.1105) ILOOP

1105 FORMAT (///7/760X, TH* PASS ,1242H *)
G0 7O 1120

1110 WRITE (NTAPE+1115)

1115 FORMAT (////57TX418H* CONVERGED PASS *)

1120 CALL STRVAL

IF (ILOOP.NE.1) GO TO 1124
CALL VMNTL
GO 1O 1126
1124 VMM=VM({MEAN)
1126 IF (IEXTRA.EQ.0) GO TG 1140
IF (ICONV.EQ.0.AND.IDLETEL.EQ.0) GC TO 1140
WRITE (NTAPE,1130)

1130 FORMAT (////31X,69HITERATIVE DETERMINATION OF MERIDIONAL VELOCITY
LAT TH4E MEAN STREAMLINE)

IF (ISRI.EQe3.CR.ISPEC.EQ.0) GO TO 1134
WRITE (NTAPE,1132)

1132 FORMAT (//22X10OHMERIDIONAL/23X,8HVELOCITY,66X,B8HABSOLUTE,
14X, 8HPRESSURE/ 12X, 4HPASS y6X911HAT THE MEAN, 3Xs 10HCALCULATED,
214Xy 1OHSTREAMLINE 32X, 1OHMERIDIONAL 35X SHWHIRL » 7X4SHTOT AL
37X 94HLOSS/11X36HNUMBERySX9y1OHSTREAMLINEy 4X ¢ 9HMASS FLOW 17X,
4 6ANUMBER y5X  BHVELOCITY,4X,8HVELOCITY , 4Xy BHPRESSURE, 3X,
S11HCOEFFICIENT/25XsSH(FPS) 36 X9 9H(LBM/SEC) ¢ 30Xs SHIFPS)y X,
65H(FPS) y 7XySHIPSI))

G0 TO 1140

1134 WRITE (NTAPE,1136)

1136 FORMAT (//28Xy1OHMERIDIONAL/29Xy8HVELCCITY 66X 48HABSOLUTE/
118X9s4HPASS 36Xy 11HAT THE MEAN3Xo10HCALCULATED 14Xy 10HSTREAML INE,
22Xy 1OHMERTDIONAL 95X ySHWHIRL 3 7X,SHTOTAL/ 17X ¢ 6HNUMBERy 5X o
310HSTREAMLINE y4X39HMASS FLOWs 17Xy 6HNUMBERy 5Xy SBHVELOCITY, 4Xy
A8HVELOCITY 4 Xy BHPRESSURE/31XySH{FPS) 56Xy SH{LBM/SEC) 30X,
5S5HIFPS) s 7TXySHIFPS) y 7X45H(PSI )}

1140 ICNT=0

I1LLOGP=0

NVMMGD =0

VMMGD=C.0
VMMLB=C. 0
VMMC4K=1,0
VMHMLK2=1.0
TOL=TOLFLW

218

020¢C
0201
0202
0203
0204
02cC5
0206
0207
020¢
0209
0210

0211
0212
0213
0214
0215
0216
0217
o218
0219
022¢C
0221
0222
0223
0224
0225
022¢
0227
022¢
0229
0230
0231
0232
0233
02134
0235
0236
0237
0238
023s
024cC
0241
0242
0243
0244
0245
024¢
0247
0248
0249
0250
0251
0252
0253



OO0

1150 ILLODP=ILLOCP+1
IFLIPD=0
IREPET=0
IF(ABS(VMM/VMMCHK~1.0).GT. 0. 000001)G0O TQ 11501
IF(ABS(VMM/VMMCK2=-1.0)+L T+ 0.000001)IREPET=1]
11501 VMMCK2=VMPMCHK
VMMCHK=VMM
CALL RADEQL(LSGN)
IF(LSGN.NE.1)GO TO 1156
G
Cxsexke DIFFICULTY HAS BEEN ENCOUNTERED IN VMM ITERATION
L
VMMLB 1=VMM
IF(VMMLBl . LT.VMMLB)GC TO 1151
VMML3 =VMMLBL
1151 IF(VMMGD.FQ.0.0)G0O TC 1152
VMM=0, 5% (VHMLB+VNMMGD)
GO TO 1153 -
1152 VMM=]1,03%VMM
1153 IF(IEXTRA.NE.1)GO TO 1154
WRITE(NTAPE,11531)VMMLBL ,ILLOAOP

TD

BEGIN TTERATION LOOP ON MERIOIONAL VELCCITY AT THE MEAN STREAMLINETD

TC

11531 FORMAT(15X434HA MEANLINE MERIDICNAL VELOCITY OF (F8.2¢ STHFPS HAS FTD

1AILFED) TO PRODUCE A VALID SCOLUTION WHEN ILLOGP = ,12)
1154 LSGN=0
IFIILLGOP.LT.3Q0)60 T4 1155
LSTPSS=1
IF(VMMGD.EQ.0.0)GO TO 11562 .
VMM=VMMGD ‘
1155 GO 70 1150
1156 IF(LSTPSS.NE.1)GO TO 1157
CALL REMAIN
CALL QUTPUT
WRITE(NTAPE,11561)

11561 FORMAT(29X,74HCALCULATION ABANDCNED BECAUSE OF DIFFICULTY ON OR AFTD

LTER THE THIRTIETH PASS)
GO TO 1160
11562 WRITE(NTAPE,11563)

11563 FORMAT(13X,106HCALCULATION ABANDONED BECAUSE OF DIFFICULTY ON OR ATD

IFTER 30 PASSES WITHOUT EVER OBTAINING A SUCCESSFUL PASS )
GN TO 1160
L
C***x«DIFFICLLTY HAS NOT BEEN ENCOUNTERED IN VMM ITERATION
c
1157 NVMMGD=NVMMGD+1
IF(VMMGDeEQe0e 0. OR VMM LT VMNGD)GO TO 1158
GO TO 1200
1158 VMMG)=VMM
GO TO 1200 .
1160 IF (NSPOOL.EQ.1l) GO TO 1730
IF (ISAV.EQ.NSPOOL) GO TO 10
[SAV=ISAV+1
DO 117C IABRT=ISAV,NSPOOL
1170 READ (ITAPE,NAN2)
GO 1O 10
1200 IF (IFXTRA.EQ.0) GO TO 1250
IF (ICCNV.NE.l1.AND.IDLETE.NE.1) GO TO 1250
00 1205 J=1,NLINES
1205 PO(J)=PQ(J)/CNV2

0254
0259
0256
0257
025¢
0259
026¢C
0261
0262

0263
0264
0265
026¢€
0267
0268
0269
0270
0271
0272
0273
0274
0275
C276
0277
0278
0278
028¢C
0281
0282
0283
0284
0285
028¢
0287
288
0289
029¢C

0291
0292
0293
0294
0295
0296
0297
0298
0299
Q30C
0301
0302
0303
0304

-0305
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IF (I SRI<EQe3.0R-ISPEC.EQ.0) GO TC 1215

WRITE (NTAPE,1210) TLLOOP,VMM;DFLWT+{JyVMIJ)4VT(J),PO(JIsWYE(J),

t J=1yNLTNES)
1210 FORMAT (/13Xs12¢6XeF10e3¢4XsFl0e5919X912¢5X¢F1043¢42XyF10.3,
13X4F904:4X3F845/(64Xe12¢5XsF10e392X3F1043¢43X,F9.4,4X,F855))
60 T0 1230
1215 WRITE (NTAPE1220) TLLOOPsVMMoDFLWTo(JoVM{J)eVTLI)4PO{I),
1 J=14NLINES)

1220 FORMAT (/19X31236XyF104394XsF10.5719%X,12,5X,F10.3,2X,F10,3,

13XeF9.4/7 (70X 1295X9F10.342XyF100393X9F9:4))
1230 DO 1240 J=1,NLINES
1240 P{J)=CNVZ2*PO(J)
12950 RATIO=DFLWT/FLWP
IF{TLLOUPEQelORs VMMGDsEQ0,0)G0 TO 1360
IF{ICONV.EQ.1)GD TO 1260
IF(ILLOOP. L7420 ANDSTREPEToNE« Lo AND.IFLIPDNEL1)GO TO 1260
IF(TLOGP.EQ. 1) TOL=0, 2
IF(ILOOP.EQ.2)TOL=0.1
IF(ILOCP.GE.3) TOL=TOLFLW
c
Cx#x%x CONVERGENCE ON MASSFLOW ANN NMEANLINE VM IS CHECKED
c
1260 1F{ABS(RATIO-1.0)GT.TOL)IGC TO 1300
IF(ABS{VMM/VMM0O-1.0). LE.TOL)IGO TO 1500
1300 IF(IREPET.NE.1 AND.IFLIPD.NE.1)GO TO 1305
CALL REMAIN
CALL OLTPUT
IF(IREPET.EQ.1)WRITE(NTAPE,1302)ILOCP

0

1302 FORMATI(//5X,29HCALCULATION ABANDONED ON PASS, I3,91H BECAUSE OF TWCTD
1 REPETITIONS OF A MEANLINE MERIDICONAL VELOCITY WITHOUT MASS FLOW CTD

2 0ONVERGENCE)
IF(IFLIPD.EQ.1)WRITE(NTAPE,1303)1LOOP

TC
T0

1303 FORMATI(//5Xy29HCALCULATION ABANDONED CN PASS,13,90H BECAUSE OF INSTD
1TABILITY IN MEANLINE MERIDIONAL VELCCITY ITERATION DUE TO CHOKED CTC

CONDITIONS)
IREPET=0
IFLIPD=0
GO TO 1160
1305 IF{ILLCOP.LT.NLLOOP)GO TO 1350
WRITE (NTAPE,1310) ILOOP

TC
TD
L[V
TC
TC
™m

1310 FORMAT (//19Xy92HITERATION FOR THE MERIDIONAL VELOCITY AT THE MEANTD

1 STREAMLINE HAS NOT CONVERGED WHEN ILOOP = ,12)
CALL REMAIN
CALL OUTPUT

GO T0 1160
c
C#*&*x MAKE NEXT ESTIMATE OF MEANLINE MERIDICNAL VELOCITY
c

1350 VMMOO=VMMO

1360 VMMO=VMM
IF(NVMMGD.GEL2)G0 TO 1370
LATEST=ILLOOP
1LLOdP=1

1370 CALL vySUSB
IF(NVMMGD.GE.2)G0 TO 1380
TLLOOP=LATEST

1380 ([F(VMM,LE,VMMLB)VMM={VMMLB+2.0*VMNGD) /3.0
IF {ICNT.GT.NCNT) GO TO 1400
OFLWTO=DFLWT
GO 7O 1150

1400 IFLIPD=1
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0306
0307
0308
0309
0310
0311
0312
0313
0314
031s
0316
0317
031e
ni3lg
0320
0321
0322
0323
0324

0325
0326
0327
032e
0329
0330
0331
0332
0333
0334
0335
0336
0337
023e
033s
0340
0341
0342
0343
C344
0345
034¢
0347

0348
€349
035¢
0351
0352
0353
0354
0255
0356
0357
0358
0359
036C



1500

GO TO 1300

IF (ICONV.EQ.1) GO TO 1700
IF{ILOCP.LT.NLOOPIGO TO 1520
WRITE (NTAPE,1510)

TD
TC
10
TD

1510 FORMAT (//12X,108HITERATION FOR STREAMLINE POSITIONS OR PRESSURE LTD

1520

Qo0

1550

1560

1610

[zEgXaN ]

1620

1700
1710

1730

aAOo

1800

1810
1820

1825

1830

10SS COEFFICIENTS, WHEN THEY ARE NCT KNOWN, HAS NOT CONVERGED)

ICONV=1

GO TO 1700

IF (IDLETE.EQ.0) GO TGO 1550
CALL REMAIN

CALL OLTPUT

OBTAIN NEW ESTIMATES OF STREAMLINE POSITIONS

ICONV=1

TUBFLW=DFLWT/ENM1

DFLOWP=0.0

DO 1560 J=2,NTUBES

DFLOWP=DF LOWP+ TUBFLW

CALL ILAPL(DFLOWP,RP,DFLOW ¢+RSTyNLINES)
IF {ICCNV.EQ.0) GO TO 1560

IF (ABS(RP/RST(J)-1.0).LE.TOLRAC) GO TO 1560
ICONV=0

RST(J)=RP

IF (ISRI.EQ.3.0R.ICOEF.EQ.0) GO TC 1100
IF (ISRI.EQ.1) GO TO 1620

IF (ILOSS.NE.O) GO TGO 1100

CONVERT KINETIC—-ENERGY LOSS COEFFICIENTS TO PRESSURE LOSS
COEFFICIENTS

CALL LCNV

GO TO 1100

CALL REMAIN

CALL SETUP

CALL QUTPUT

IF (I1DS.LT.NDSTAT) GC TO 700
IF (NSPOOL.GT.1l) GO TG 2000
IF (ISAV.GE.NAV) GO TO 10

RECONVERT INPUT DATA INTO THE ORIGINAL UNITS

DO 1800 J=1,4NLT
RLT(J)=CNVL*RLT(J)
POLT(J)=POLT(J)/CNV2

BETLT (J)=CNV3*BETLT(J)
RPM=C NV4*RPM

HP =HP /CNV5

IF {ISTRAC.EQ.1) GO TC 1820
DO 1810 I=14NSTAT

XSTAT (1 )=CNV1%*XSTAT(I)

DO 181C J=142

RANN(T yJ}=CNVI*RANN(I 4J)

GO TO 1840

DO 1830 I=1,NDSTAT

DO 1825 J=1,2

RANN(T yJ) =CNVL1 *RANN(I 4 J}

D0 1830 J=1,NSTRAC
RSTRAC(Js1)=CNVL*RSTRAC(JsI)
ASTR(JoI1=CNV3I*#ASTR(J,I)
CSTROJ2E)=CSTR(JoI)/CNV1

TOD
1D
TD

0361
0262
0363
0364
0365
0366
0367
0368
0369
037¢
0371

0372
0373
0374
0375
037¢&
0377
037¢
0379
038cC
0381
0382
0383
0384

0385
0386
0387
0388
0389
039cC
0391
0392

0393
0394
0395
0396
0297
0398
039S
040C
0401
0402
0403
0404
0405
040¢
0407
0408
0409
041C
0411
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1840

1850

1860

2000

222

DO 185C I=14NSTG

00 1850 J=1,NXT
RNXT(Jol)=CNVL*RNXT(J,I)
IF (IWRL.EQ.0) GO TO 1850
WRL(Jy I )=CNV3*URL(JyI)
CONTINUE

IF (I1SPEC.EQ.1) GO TC SO
DO 1860 I=14NSTG

D3 1860 J=1sNXT
RSXT{JoI) =CNV1 sRSXT(Js1)
G0 TO SO

IF (ISAV.LT.NSPOOL) GO TO 50
GO TO 10

END

0412
0413
0414
0415
0416
04117
0418
04169
0420
0421
0422
c423
0424
0425



APPENDIX 1V

SUBRGUT INE INPUT

The function of Subroutine INPUT (deckname SUBMI) is to write

the input data for a spool onto the output tape unit.

Subroutine INPUT is called by the main routine; it does not call

any other subroutines.

The subroutine does not require external input.

Internal input to the subroutine is transmitted through blank CAMM@ZN, C@MM@BN

/C@M2/, COMMBN/CEML/, COMM@BN/CEM5/, COMMBN/CPM10/, and COMMPN/COMI12/. The

internal input consists of:

ASTR
HP
ISAY
NBR
NSTRAC
RANN
T8C

YC@N

cP
ICOEF
ISPEC
NDSTAT
NSP@FL
RNXT
WNF

Y@SS

CSTR
ICopL
ISTRAC
NLINES
NTAPE
RPM

WRL

FHP
1LgSS
IWRL
NSTAT
NXT
RSTRAC

XMIX

FLWCN
IMIX
NAV
NSTG
POF
RSXT

XSTAT

(These symbols are described in the appropriate sections of the C@MM@N

Fortran Nomenclature.)

The external output of the subroutine consists of:

ASTR

HP

RNXT

WRL

cP

I1SAV

RPM

XMIX

CSTR

NSTG

RSTRAC

XSTAT

FHP
POF
RSXT

YCON

Additional Fortran Nomenclature for Subroutine INPUT

Subroutine INPUT does not provide internal output.

FLWCN
RANN
T8C

Y@SS

The following table gives the Fortran nomenclature for those
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symbols used in Subroutine INPUT which are not part of COMM@N.

Fortran
Symbol

synbol
CON1
CPN2
CON3
CONL
C@N5
CONG
CON7
CHNS
CoNg
FMT1
FMT2
FMT3
FMTL
HW1
HW2
HW3
Hwl

ISTG A

NB
NBLNK

NE

Description
Alternative name for YCON(1)

Alternative name for YCON(2)

Alternative name for YCPN(3)

Alternative name for YCZN(4)

Alternative name for YCZN(5)

Alternative name for YC®N (6)

Alternative name for YCON(7)

Alternative name for YC@N(8)

Alternative name for YC@N(9)

Format specification

Format specification

Format specification

Format specification

Alphanumeric information
Alphanumeric information
Alphanumeric information

Alphanumeric information

Stage index

Integer used to
specifications

Integer used to
specifications

Integer used to
specifications

Integer used to
specifications

control format

control format

control format

control format

Units



Fortran

Symbol Symbol Description Units
NF Integer used to control format

specifications --
NFILL Integer used to control format

specifications -

Internal Structure

This subroutine performs step 7.2 of the analysis procedure. A

Fortran listing is given in the following pages.
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S

SIBFTC SuB4l LIST,; DECK,M9%

c
c
c

160

170
180
190
200

210

220
230
240
250

260

INPUT - PRINT THE SPOCOL INPUT DATA

SUBROUTINE INPUT

COMMON IBRICOEFICONV,ICOCL, IDLETE, IDS, TLLOQP, ILOOP » ILOSS ¢
TIMIXy [SAVyISONISPEC: ISRIISTG IWRL yNDSTAT ( NLINES, NSPOOL o
2NSTS e NTAPE gNTUBES

COMMON /7COM2/CP(1T)4CPL,CP2,CP3,CP4,CP5,EJCP1,y,EJCP2y
1GAMALl yGAMA2 ,GAMA3 GAMBL,GANC1loGAMD2 ,GAMD3,GAMC 4y GAMDS,
2GAML, GAMZ2 ;GAM3 ¢GAM4 ¢G AMS ;GASC 9 GGGL.GJCP1:GJCP12, GJCP 2,
3GJCP22+:GJCP32,GJCP42:GJCPS2

COMMON /COMG/FLUH(LT7) oFLWPHPRPMRST(LIT)sWFN(17)

COMMON /COMS/ASTR{1717)ASTS(L17) 4BETLT(L17)sCSTR(LTo17),
1ICSTS(17),DTO(L7) sFHP(B)FLWC,IPOF{8)y ISTRAC,NLT,
2NSTAT NSTRAC ¢NXT yPOF (17 98) »POLT(17) ;RANN(1942),RLT(17),
3RSTRAC(17+17)RSTRAS{17) +RXTSI17),TOC(16)},TOLT(17),
4URLS(L7) 9y XMIX(17516) 4XSTAT(19),Y0S(17)

COMMON /COMIO/FLWCN{16) NAV ;NBRyRNXT(17:8)+RSXT(17,8)»
LURL{17,8) ,¥Y0SS(17516)

COMMON /COM12/ CON1,CON2 sCON3,CON%,CCNSyCON64yCONT7,CON8yCONS

DIMENSION FMTY1(3),FMT2(3)oFMT3(S) s FFTG( 7)o HW1(8) sHW2(S ),
1HW3({12),HW4(30)

DATA FMTL (1) (FMTL(3)/6H(// 06H,y 18A6) /4 FMT2(1),FMT2(3)
1/76H( 1y6H,LBAG) /o FNT3 (1) o (FMT3(1),I=3,5)/6H(
2y6H18(4X9 16H12v6x’76"’” lvFMT/#‘l)v ‘FMT"( I” I=39 7,

3/ 6H( 96H5Xe 96HI2¢5X 36Ho8{1Xe96HFB5y o6H3X)) /

DATA (HW1{I},I=198)/6H STREA;6HMLINE ¢6H BLAy 6HDE 0
16H NUMy 6HBER 96H ROy6HW /

DATA (HW2(1),1I=105)/6H12X e6H24 X 96H36X 9 6H48X 0
2 6H60X /

DATA (HW3{I),I=1,12)/6H WHI ¢ 6HRL 96H VELGQ,6HCITY
1 6H (FPy 6HS) 96H WHI s 6HRL 9 6H ANGy6HLE v
36H (DE, 6HG) /

DATA (HW& (1) I=1,30)Y/6H PRES;6HSURE  6H L0y 6HSS 9
16HCOEFFL s 6HCIENT ¢6H KINE,6HTIC— (6HENERGYs6H LOSS
26HCOEFFIs 6HCIENT o06H ADDIT,6HIONAL ,6H L 0y 6HSS
36H FAC,6HTOR 96H RCOT,6HOR o6H ISENT,6FROPIC
46H EFFIC,6HIENCY ¢6H STA6HGE ¢6H ISENT, 6HROPIC
96H EFFIC,6HIENCY /

IF {(NSPOOL.GT-1) GO TO 170

HRITE (NTAPE,160)

FORMAT (1HL1//7/7754X%X,24Hesx SPOOL INPUT CATA #u%)

GO TO 190

HRITE (NTAPE,180) ISAvV .

FORMAT (LlH1//7751X25H=%% INPUT DATA FOR SPOOL o I1lo4H *%*%)

WRITE (NTAPE200) RPMyHP

@ © <@ 9

FORMAT (////53X425H%% DESIGN REQUIREMENTS =*%///51X, 17THROTATIVE

1SPEED = ,F9.194H RPM/S53Xy15HPCWER OUTPUT = ;F9.,253H HP)

IF (NSPOOL.EQ.1.AND.NAV.GTo1) GO TO 220

WRITE (NTAPE,210)

FORMAT (//7/54X;24H%% ANALYSIS VARIABLES #*%*)

GO 10 240

WRITE (NTAPE,230) ISAVY

FORMAT (//7/7/49X, TH*# SET ,12,25H OF ANALYSIS VARIABLES *#*)
WRITE (NTAPE,250) NSTG

FORMAT (//7/56X19HNUMBER OF STAGES = o11)

WRITE (NTAPE 4260) (IoFHP(I),I=13NSTG)

FORMAT (//7/955X22H% POWER-QUTPUT SPLIT #///69%X911HFRACTION OF/
151X12HSTAGE NUMBER3X,18HSPOOL PCWER OQUTPUT// (56X +I1y13XyFB.5))

INPT
INPT

INPTY

INPTOOOL
INPTOCC2
INPT0003
INPT0004
INPTOCCS
INPTOCCH
INPTCCO7
INPTOCO®
INPTOCOS
INPTOCIC
INPTOO11
INPTOCL2
INPTOC13
INPTCCLl4
INPTOOLS
INPTO016
INPTOCL?
INPTOCL8
INPTOO19
INPTOC20
INPTOC21
INPT0022
INPYT0023
INP 10024
INPTOC25
INPTO026
INPT0027
INPTOC2E
INPTOC29
INPTOC30
INPT0031
INPTOC32
INPTGCC33
INPTO034
INPTO03S
INPTOC36
INPTCC3T
INPTCC38
INPTOC39
INPTOC4C
INPTOC41
INPT0042
INPTOC43
INPTQC44
INPTCC45
INPTOOQ4E
INBTO067
INPTOC4E
INPT0049
INPTO0S0
INPTO0051
INPTOC52
INPTOCS3
INPTOCS4
INPTOCS5
INPTOCS6



WRITE (NTAPE270) ([,CP(I),I=1,NDSVAT}

270 FORMAT (///50X,31H* SPECIFIC-HEAT SPECIFICATION *//7/44X,
L21HDESIGN STATION NUMBER,SXs 13HSPECIFIC HEAT/69X,
21SH{BTU/LBM DEG RI//(54Xe12y16X¢F8,5))

WRITE (NTAPE,280)
280 FORMAT (///53X25H% ANNULUS SPECIFICATION *)
IF (ISTRAC.EQ.1) GO TC 300
WRITE (NTAPE,290) (I;XSTATUI)o(RANN(IsJ)oJd=192)yI=1,NSTAT)

290 FORMAT (//32X314HSTATION NUMBER,4X, 14HAXIAL POSITION,6X,
110HHUDB RADIUS6X,13HCASING RADIUS/S55X4HIINY, 14Xe4H(IN ),
214X94H(IN) 7/7(38X31292X93F18.41))

GO TO 350

300 WRITE (NTAPE,310) (Is(RANN(I,J)eJd=1,2),1=1,NDSTAT)

310 FORMAT (//37X421HDESTIGN STATION NUMBER, 4X, 10HHUB RADIUS,6X,
LI3HCASING RADIUS/65Xs4H(IN)} 914X 4H{IN)//7{%6Xy1295X02F18.4))

HRITE (NTAPE,.320})

320 FORMAT (///51X29H* STYREAMLINE SPECIFICATIONS =2)

b0 330 I=1,NDSTAT

330 WRITE (NTAPE 340) I1,(RSTRAC(JoI)oASTR(J9T)oCSTRIJsI)id= I,NSTRAC)

340 FORMAT (//STXe6HRADIAL,7XoBHANGLE OF/36Xs14HDESIGN STATION,

LI134y2Xy LOHCOORD INATE 3 X9 LLHINCLINAT ION,4X  9HCURVATURE/S8X ¢ GH{ IN),

29X,54(CEG) 48X, BH{PER IN)//(50Xy3F14.5))
350 IF (ICOOL.EQ.O0) GO TO 400
WRITE (NTAPE,+360)
360 FORMAT (///56X%X20H% COOLANT SCHEDULE %)
IF (ICOOL.EQ.1) GO TO 380
WRITE (NTAPE,370) (IFLWCN(I)oTOC(I),1I=1,NBR)

.370 FORMAT (//60Xs1LHFRACTION OF 48X SHTCTAL/40X 16HBLADE ROW
LNUMBER 42X s1SHINLET MASS FLDH13Xo11HTEMPERATUREITBX.7H(DEG R} 7/

2(4TXy1244X4Fl6.59F16.2))
GO TO 400
380 WRITE (NTAPE$390) (I, FLUCN(I),I=13NBR)

390 FORMAT (/768X +1LHFRACTION CF/48X, L6HBLADE ROH NUMBER, 2X,

L1SHINLET MASS FLOW// (55X 1294X¢F1605)})
400 IF (IMIX.EQ.0) GO TO 460
WRITE (NTAPE410)
410 FORMAT (//7754%,23H% MIXING COEFFICIENTS %)
IwW=0
420 IW=IW+l
NB =1
NE=NBR
IF (IW.EQ.2) NB=9
IF (IW.EQ.l.ANB.NBR-GT-8) GO TO 430
NFILL=NBR-8% ([W-1)
NBLNK=(LO-NFILL)/2
GO TO 440
430 NE=8
NFILL=8
NBLNK=1
440 NBLNK1=NBLNK+1
FMTL(2)=HW2 (N3 LNK}
FMT2(2)=HW2 (NBLNK)
FMT3(2)=HW2(NBLNKL)
FMT4(2)=HW2{NBLNK)
WRITE (NTAPEZFMTL) HWL{L) HHL(2) o (HWLI(3)oHW1(4)y I=L, NFILL)
WRITE (NTAPE,FMT2) HW1(5) ¢HWL(6) o (HHL(T) oHW1(8)p I=1,NFILL)
WRITE (NTAPEFHT3) (I.I=NB,NE)
WRITE (NTAPE445)
445 FORMAT (1X)
DO 450 J=1,NLINES
450 WRITE (NTAPEFHT4) Jo(XHIX(J9I)yE=NB,NE)

INPTOOS7
INPTOCSE
INPTOCSS
INPTOC6C
INPTOO061
INPTOCSE2
INPTOC63

INPTO0064

INPTO065
INPTOC66
INPTOC67
INPTOCHS
INPTOC69
INPTOCTC
INPTOCT]
INPTOCT72
INPTO0073
INPTO0 T4
INPTOCT75
INPTGCT6
INPTOCT7
INPTOCTE
INPTOCT79
INPTOO080
INPTOOSBL
INPTOCB2
INPTOCSB3
INPTOC84
INPTO08S
INPTOC86
INPTOC87
INPTOO088
INPYOC8S
INPTOCSC
INPTOCO1
INPT0092
INPTOC93
INPTOC94
INPTOCOS
INPTOCS¢
INPTOCI7
INPTOCS8
INPT0099
INPTOLl00
INPTO101
INPTC102
INPTC103
INPTO104
INPTO105
INPTC106
INPTO107
INPTO108
INPTO10S
INPTOL1C
INPTOL11
INPTOL1]2
INPTO113
INPTO114
INPTO115
INPTOLLE
INPTO117
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IF (IW.EQ.1.AND.NBR.GT.8) GO TO 420 INPTO118

460 WRITE (NTAPE,470) INPTO119
470 FORMAT (///51X,29H* BLADE-ROW EXIT CONDITIONS *) INPTO12C
NB=1 INPTO121

IF {IWRL.NE.O) NB=7 INPTO122
NE=13 INPTO123

[F (ISPEC.NE.O) GO TO 480 INPT0124

IF (ICOEF.EQ.0) NE=1 INPTO12S

IF (ICUOEF.EQ.1) NE=7 INPTO126

480 NF=NE INPTOL127
IF (ISPEC.NE.O) GO TO 490 INPTO128

IF (ILOSS.EQ.1) NF=19 INPTC129

IF (IL0OSS.EQ.2) NF=25 INPYOL130

490 DO 670 I=1,NBR INPTO131
ISTG=(1+1)/2 INPTO132

IF (2*%{1/2).EQ.I) GO TO 530 INPTQO133

IF (ISPEC.EQ.1) GO TO S10 INPTOL34
WRITE (NTAPE,500) HW4G (NE) yHW4 (NE+1) yHW3(NB), HWI(NB+1) ,HW4(NE+2), INPTO13S
LHW4(NE+3) ,ISTG, HW3(NB+2) ¢HW3(NB+3 )y HW4(NE+4) s HW4[NE+5 ), INPTO136
2HW3 (NB+4) yHW3 (NB+5) o (RNXT (J9ISTG) +WRLI(J9ISTG)sYOSS(JsI)yJ=1oNXT) INPTQ137
500 FORMAT (//B1X,2A6/56X,6HRADIAL »SX92A6¢2X+2A6/40%X, 6HSTATOR, INPTO138
LI247X9BHPOSITIONS&4X92A6 92X 92A6/STXy4H(INYy6X92A6/7/(52XF10a4, INPTO139
24XyF10:344X%X9F10.5)) INPTO14C

GO 7O 670 INPTOl41

510 WRITE (NTAPE,520) HW3I(NB)HW3(NB+1), ISTGyHW3 (NB42)yHW3(NB+3), INPTO142
LHW3(NB+4) +HW3 (NB+5) 3 (RNXT(Jy ISTG)oHRL({J,ISTG)yJ=1,NXT) INPTO143
520 FORMAT (//763X,6HRADIAL5X12A6/47X ¢6HSTATORy 12, 7X8HPOSITION, INPTO144
L4X 9286764 X34HIIN)Y 96Xy 2A67//7(59X9FL0494X9F1043)) INPTO145

GO TO &70 INPTO 146

$30 IF (ISPEC.EQ.1) GO TC 650 INPTO147
WRITE (NTAPE :560) HW4(NF) sHWG(NF+1) yHWG(NF+2), HW4(NF+3), ISTG, INPTO148

|3 HW4 (NF +4) s HW4 (NF+5) INPTO149
560 FORMAT (//58X,14HNONDIMENSICNAL, 18Xy 246/ 46Xy 1OHSTREAML INE, INPTO1S50
13Xy 12HPUOWER QUTPUT 410X,6HRADIAL¢3Xy2A6/31XySHROTORy 12,4 10X, INPTOLS1
26HNUMBER,y TXsBHFUNCTION 11Xy BHPOSITION, 2X92A6/7/ 82X 34H{INY//) INPTO152

IF (NLINES.LT.NXT) GO TO 610 INPTO153

D0 600 J=1NLINES INPTO154

IF (J.GT.NXT) GO TO 580 INPTOL155
WRITE (NTAPE.570) J+POF(JoISTG)¢RSXT(JyISTG)oYOSS(Js 1) INPTOLS56

570 FORMAT (50Xs12s 9X9FBa59BX9F1l0e492XsF10.5) INPTOL1S7
50 TO 600 INPTO158

580 WRITE (NTAPE+590) JsPCF{J.ISTG) INPTO159
590 FORMAT (S0XyI24 9X4F8.5) INPTQ160
600 CONTINLE INPTOL61
GO TO 670 INPTO162

610 DO 640 J=1,NXT INPTO163
If (J.GT.NLINES) GO TO 620 INPTO164
WRITE (NTAPE.570) J,POF(JyISTG) yRSXT(J4ISTG)+YOSS(Js 1) INPTC165

50 TO 640 INPTO16¢€

620 WRITE (NTAPE+630) RSXT(J,ISTG)sYOSS(Jy1) INPTO167
630 FORMAT (77XgsFl0.442X4F10.5) INPTO168
640 CONTINUE INPTO169
G0 TO 670 INPTO170

650 WRITE (NTAPE560) ISTGy{(JsPOF{JsISTG) s J=1y NLINES) INPTO171
660 FORMAT (//73X,14HNOND IMENSTONAL/59X,10HSTREAML INE5Xy INPTO172
112HPOWER OUTPUT/44X,5SHROTCRy 129 10Xy 6HNUMBER ¢ 9Xy BHFUNCT ION INPTO173
2//7(63X912911XsF8.5)) INPTO1 74
670 CONTINUE INPTO175
IF(1SPEC.EQ.0) GO TO 700 INPTO1T76
WRITE(NTAPE 675} INPTOL177

675 FORMAT(///48X435H% BASIC INTERNAL LOSS CORRELATION ® ,///7) INPTO178
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680

685

690

695

700

WRITE (NTAPE,680) CON6,CONT7,CON8,CCN3 INPTO17S

FORMAT(57H TAN(INLET ANGLE) + TAN(EXIT ANGLE) INPTC18C
1( 4F10.8,3H + +F1l0.8,14H * (V RATIO)** ,F5.2,21H) 1IF (V RATICINPTOLS81
2) .LT. yF10.8) INPTO182

WRITE(NTAPE685) INPTO0183

FORMAT (2Xy53HY = *TIMES*INPTO184
1) INPTO185

WRITE(NTAPE,690) CCN4,CON5,CON1,CCN2,CON3,CON3 INPTO186

FORMAT(6X9F108¢3H + 9F10.8928H * COS{EXIT ANGLE) { »FlINPTOl87
10.8,3H + yFLlO.8y13H *{(V RATIO)~ 4FS5.3922H)) 1IF (V RATIO) .GT. INPTOL88
2 4F10.8) : INPTO189

WRITE(NTAPE,695) CON9 INPTOL19C

FORMAT(//7/20X,82HTHE PRESSURE-LOSS COEFFICIENT COHPUTED IN THIS MAINPTO191
LNNER MAY NOT EXCEED A LIMIT OF +F10.8) INPTO192

CONTINUE INPTO193

RETURN INPTO194

END INPTO195
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APPENDIX v

SUBR@GUT INE STRAC

The function of Subroutine STRAC (deckname SUB1) is to obtain the
angles of inclination and curvatures of the hub and casing streamlines at
each design station of a spool. This is done in a manner such that the
obtained values can be treated as if they had been specified in the input
data.

Subroutine STRAC is called by the main routine when streamline
angles of inclination and curvatures are not specified in the input data;
it does not call any other subroutines. The subroutine does not require
external input and does not provide external output. Internal input and
output of the subroutine are transmitted through blank C@MM@N, and C@PMM@EN/
CPM5/. The internal input consists of:

NDSTAT RANN XSTAT
The internal output consists of:
ASTR CSTR NSTRAC RSTRAC
(These symbols are described in the appropriate sections of the C@AMM@N For=-

tran Nomenclature.)

Additional Fortran Nomenclature for Subroutine STRAC

The following table gives the Fortran nomenclature for those

symbols used in Subroutine STRAC which are not part of C@MM@N.

Fortran
Symbol Symbol Description Units
DTDX (d%qaixqt Second derivative of the radial

position of the hub or casing at
a design station with respect to
axial position per ft



Fortran

Symbol Symbol Description Units
DX nymc&“ﬁ&,ﬁzgﬂ) Smaller of DXL and DXR ft
DXL X=X Axial distance between a design

station and the upstream sta-
tion ft
DXR X = X; Axial distance between the down=-
stream station and a design sta-
tion ft

TANA (dr/dx); Derivative of the radial posi=
tion of the hub or casing at a
design station with respect to
axial position --

TANL i ld 9 Straight-line slope of the hub
i =Xiey or casing streamline between a
design station and the upstream
station --

TANR Few =1 Straight-line slope of the hub or
Xpp = X; casing streamline between the
downstream station and a design
station -

Internal Structure

Subroutine STRAC performs the calculations described in step 8
of the Analysis Procedure and stores the obtained values, together with the
hub and casing radii and the specification that there are two sets of val-
ues at each design station, in the locations used when angle of inclina-
tion and curvature are specified in the input data. This is accomplished,
primarily, in two nested Df loops. The steps within the outer loop are
performed twice, first for the hub and then for the casing. The steps
within the inner loop are performed at each design station of a spool,
starting at the spool inlet and continuing to the spool exit. The For-

tran listing of the subroutine is given on the following pages.
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C

c STRAC - DETERMINATION OF HUB AND CASING VALUES OF STREAMLINE
c ANGLES COF INCLINATION AND CURVATURES

C

SUBROUTINE STRAC

CCMMON [BR,ICDEF,ICONV,ICCOL, IDLETE,I1DS, ILLOOP, ILOOP, ILOSS,
1IMIX o ISAVy ISONyISPEC+ISRT ¢ ISTGy IWRL yNDSTATyNLINESyNSPOOL s
2NSTGy NTAPENTUBES

COMMON /CGMS/ASTR(17,417) ,ASTS{17),BETLTI17),CSTR(17,17),
1CSTS{17) +DTO(17) yFHP(8) yFLWCHsIPCF(8) yISTRAC,NLT,
2NSTAT yNSTRACyNXT,POF (17,8),POLT(17),RANN(19,2),RLT(1T),
JRSTRAC (L7417} yRSTRAS(LIT7)4RXTS(1T)oTOC(16)yTOLT(17),
GWRLS(L17) 2 XMIX({17416)4XSTAT(19}),Y0S(17)

NSTRAC=2

DO 200 J=1,2

DXL=XSTAT(2)-XSTAT (1)

TANL=(RANN(2,J)-RANN(1,J)) /DXL

00 200 [=1,NDSTAT

OXR=XSTAT(I+2)-XSTAT(1+1)

TANR={RANN(I+24J)-RANN{I+14J))/0XR

TANA=0.5* (TANR+TANL)

ASTR{J,I)=ATANI(TANA)

1F (DXR.GT.OXL) GO TO 50

DX=DXR

GO TO 100

50 DX=DXL

160 DTDX=( TANR-TANL)} /DX

CSTR(JHI)=DTDX/(1.0+TANA®R2) %¥] .5
RSTRAC(J,I)=RANN(I+1,J)
DXL=DXR

200 TANL=TANR

RE TURN
ENO

STRC

STRC

STRC

STRC

STRCOCO1
STRCOCO?2
STRCOCO3
STRCOCCS
STRCOCOS
STRCOCO6
STRCOCO7
STRCO008
STRCOCO9
STRCCC1C
STRCCC11
STRCOC12
STRCOC13
STRCOC14
STRCOC1S
STRCCCl 6
STRCOCL7
STRCOC18
STRCOC19
STRCOC20
STRCOC21
STRCOC22
STRCOC23
STRC0O024
STRC0025
STRCOC26
STRCoOO027
STRCOC28
STRCOC2S
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SUBRAUTINE SPECHT

The function of Subroutine SPECHT (deckname SUB2) is to deter-
mine various values of the specific heat at constant pressure, specific
heat ratio, and related parameters which are required to perform the cal-
culations at a particular design station.

Subroutine SPECHT is called by the main routine; it does not call
any other subroutines. The subroutine does not require external input and
does not provide external output. Internal input and output of the sub-
routine are transmitted through blank C@MM@N, C@MMBN/CBM2/, and C@MMBN/
CPM6/. The internal input consists of:

CP EJAY GASC Go 1SAY
ISRI NDSTAT NSP@@L

The internal output consists of:

CP1 cP2 cP3 CPL CP5
EJCP1 EJCP2 GAMA1 GAMA2 GAMA3
GAMB1 GAMCI - GAMD2 GAMD3 GAMDL
GAM5 . GG1 GJCP1 GJCP12 GJCP2
GJCP22 GJCP32 GJCPL2 GJCP52

(These symbols are described in the appropriate sections of the COMM@N

Fortran Nomenclature.)

Additional Fortran Nomenclature for Subroutine SPECHT

The following table gives the Fortran nomenclature for those

symbols used in Subroutine SPECHT which are not part of CZMMgN.
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Symbol Symbol Description Units

CPIO Cop Specific heat at constant pres- Btu per Ibm
sure at the inlet of a spool deg R

cP100 Co,untet Specific heat at constant pres- Btu per 1bm
sure at the inlet of the turbine deg R

FUNI Arithmetic statement function de-

fining specific heat ratio in
terms of specific heat at con-
stant pressure and gas constant -

FUN2 Arithmetic statement function de-
fining a parameter related to
specific heat ratio --

FUN3 Arithmetic statement function de-

fining a parameter related to
specific heat ratio --

Internal Structure

Subroutine SPECHT performs the calculations described in step 11
of the Analysis Procedure and stores the obtained values for later usage.
This is accomplished in five calculational segments. In each segment a
value of specific heat is established and related parameters are calculated.
The first segment applies to each design station; local values of the above
quantities at the design station are obtained. The second segment applies
to the exit of each blade row; average values of the quantities for the
blade row are obtained. The third segment applies to the exit of each
stage; average values of the quantities for the stage are obtained. The
fourth segment applies to the exit of each spool; average values of the
quantities for the spool are obtained. The fifth segment applies to the
exit of the turbine; average values of the quantities for the stage are
obtained.

The subroutine listing is given on the following pages.
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c
c
c
c

100

SPECHT - DETERMINATION OF SPECIFIC HEATS, SPECIFIC-HEAT RATIOS,
AND RELATED PARAMETERS

SUBROUTINE SPECHT

COMMON IBR,ICOEF,ICONV,ICOOL IDLETE.ICS,ILLOOP, ILOOP,ILDSS,
1'MIX, ISAV, ISON,ISPEC,ISRI, ISTGy INRL yNDSTATy NLINES,NSPOOL,
2NRSTGyNTAPENTUBES

COMMON /COM2/CP(17)4+CP1,CP2,CP3,CP44CP5,EJCPL,EJCP2,
15AMAL ,GAMA2  GAMA3, 5ANMB1,GAMCL 4 GAMD2 y GAMND3, GAMD 4y GAMDS,
?GAM14GAN2 ,GAM3 y5AM4 +GAM5 yGASCyGGGLl,GJCPL,GJCP12,GJICP 2,
3GJCP22,GJICP32,GJCP42,GJICP52

COMMON /COM6/CNV1¢CNV2¢CNV3,CNVS,EJAY +GO4PI » TOLWY
FUNL{ A) =EJAY*A/(EJAY*A~GASC)

FUN2(A)=A/(A-1.0)

FUN3(A)=2,0%GO*EJAY*A

cePl=CP(l0S)

GAM1=FUNL(CPL)

GAMAL1=FUN2 (GAM1)

GAMB1=GAMAL/GAML

GAMC1=C.5/GAMBL

GG31=GC*GASC*GAML ‘
EJCPL=EJAY*CP1

GJCPL=GO*EJCPL

GJCPL2=2.0%GJCPL

IF (ISRI.NE.3) GO TO 100

cpPLaoo=Ccprl

cplo=cpel

RE TURN

CP2=0.5*(CP1+4CP(1DS~-1))

GAM2=FUN1 (CP2)

GAMA2=FUN2(GAM2)

GAMD2=1.0/GAMA2

EJCP2=CJAY*CP2

GJCP2=GO*EJCP2

GJCP22=2.0%GJCP2

IF (ISRI.EQ.1) RETURN

CP3=0.5%(CPL+CP(IDS-2))

GAM3=FLNL(CP3)

GAMA3=+UNZ (GAM3)

GAMD3=1.0/GAMA3

GJCP32=FUN3(CP3)

IF {IDS.NE.NDSTAT) RETURN

CP4=0.5%(CP1+CPLO)

GAM4=FLNL(CP4)

GAMN4 =1.0/FUN? (GAM4)

GJCP42=FUN3(CP4)

ZPlo=CPl

IF (NSPOOL.EQ.1l) RETURN

IF (ISAV.LT.NSPOQOL) RETURN

CP5=0.5%(CPL+CP100D)

GAMS=FUNL(CPS)

GAMDS=1.0/FUN2 (GAMS)

5JCP52=FUN3{CP5)

RETURN

END

SPCT

SPCT

SPCT

SPCT

SPCTOCOL
SPCT0002
SPCTCCO3
SPCTOCO4
SPCTCCOS
SPCTO006
sPCY0CO7?
spCyccoe
SPCTCCO9
SPCTOCLO
SPCTOC11
SPCTCC12
SPCTO0L13
SPCTOC14
SPCT0C1S
SPCTCCl6
SPCTOCLY?
SPCTOC1E
SPCTOC1S
SPCTOC2C
SPCTOC21
SPCTCC22
SPCT0C23
SPCTOC24
SPCTOC2S
SPCT002¢
spCTO0027
SPCTOC28
SPCTO029
SPCT0030
SPCTOC31
SPCT0032
SPCT0033
SPCTOC34
SPCT0C35
SPCTOC36

'SPCTOC37

SPCTCC38
SPCTOC39
SPCTO04C
SPCTOC41
SPCTO0C42
SPCTGC43
SPCTOC44
SPCT10045
SPCTOC46
SPCTOC47
SPCTO0048
SPCTOC4S
SPCT0CSC
SPCTOCS1
SPCTOCS52
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SUBRAUTINE P@WER

The function of Subroutine PPWER (deckname SUB3) is to deter-
mine the drop in the absolute total temperature across each streamline
of a rotor.
Subroutine PPWER is called by the main routine; it calls, in
turn, Subroutine SL@PE. Subroutine PPWER does not require external input
and does not provide external output. Internal input and output of the
subroutine are transmitted through blank C@MM@N, COMM@N/CEM2/, CEMMEN/CEML/,
and COMM@EN/C@M5/. The internal input consists of:
EJCP2 FHP FLWP HP ISTG
NLINES WFN

The internal output consists of:
DTH

(These symbols are described in the appropriate sections of the C@MM@N

Fortran Nomenclature.)

Additional Fortran Nomenclature for Subroutine P@WER

The following table gives the Fortran nomenclature for those

symbols used in Subroutine PPWER which are not part of C@MM@N.

Fortran
Symbol Symbol Description Units
DP@DW(J) ‘(d,/?'/duf’%. Streamline values of the deriva-

tive of the nondimensional power

output function with respect to

the nondimensional mass flow

function at a stage exit -=
J J Streamline index -
PARAM fiw/ﬂjcpﬂun Average drop in absolute total

temperature across a rotor deg R



Fortran

Symbol Symbol
PEFS (J) Pa}
POV P

Internal Structure

Description
Streamline values of the nondimen=
sional power output function at a
stage exit

Power output of a stage

Units

ft 1bf per

sec

Subroutine PPWER performs the calculations described in step 12

of the Analysis Procedure and stores the obtained values for later usage.

This is accomplished in three calculational segments.
liminary operations are performed,

tain DP@DN, streamline values of the derivative of the nondimensional power

First, several pre=-

Then, Subroutine SL@PPE is called to ob-

output function with respect to the nondimensional mass flow function.

Finally, a simple calculation is performed at each streamline to obtain

the drop in absolute total temperature.

The Fortran listing of the subroutine follows.
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[aNaNaN g

50

POWER - DETERMINATION OF THE TOTAL TEMPERATURE DROP ACROSS EACH
STREAMLINE OF A RCTOR

SUBROUTINE POWER

COMMON IBR,ICOFEF,ICONV,ICCOLyIDLETE, IDS, ILLOOP, ILOOP, ILOSS,
LIMIXy ISAV,ISONISPEC,ISRI4ISTG, IWRL,NDSTAT 4NLINES,NSPOOL
2NSTGy NTAPE,NTUBES

COMMON /COM2/CP(17),CP1,CP24CP3,CP4,CPS,EJCP1,y EJCP2,
1GAMAL yGAMA2 ,GAMA3,GAMBL ,GAMC14GAMD2 yGAMD3,y GAMD4y GAMDS,
2GAML 4 GAM2 y GAM3 yGAM4 G AMS5 4 GASC s GGGlyGJCPL,GJCP12,GJICP 2,
3GJCP224+GJCP32,4GJICP42,GJICPS52

COMMON /COM&/FLW{LT) 4FLWPsHPyRPMyRSTILT),WFN(1T)

COMMON /COMS/ASTR{L17,17)oASTS(L7)+BETLT(17)9CSTR(1T917)y
LCSTS(17),0T0O(17)yFHP(B)¢FLWC,IPOF(8) 4 ISTRAC,NLT,
ZNSTAT NSTRAC ¢NXT yPOF (17 481 o POLT{17)oRANN(1992),RLT(17),
3RSTRAZ(17+17)sRSTRAS(LT) yRXTS(17),TOC{16),TOLT(17)
SGWRLS{LT) 9 XMIX(174+16) 9 XSTAT(19),YOS(1LT)

DIMENSION POFS{17),0PCOW(17)

POW=FHP({ISTG) *HP

PARAM=POW/ (FLWP*EJCP2)

DO 50 J=1,NLINES

POFS{J)=PCF(JyISTG)

CALL SLOPE (WFN,POFS,DPCDWoNL INES)

DO 100 J=1,NLINES

100 OT0O(J)=PARAM*DPODN (J)
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RETURN
END

POWR

PORWR

PCWR

POWR

POWR0001
POWRCCC?2
PCWRCCO3
POWROCO4
PCWROCCS
POWROCO6
PCWROCO7
POWROQOE
POWROCOS
POWROCLC
PCWROO11
PCWROC12
POWROC13
POWROCL 4
PCWROOLS
POWROCL6
POWROC17
PCWROCLS8
POWROOL9
POWROC2C
POWROC21
POWR0022
POWROC23
POWR0024
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SUBRPUTINE 11AP1

The primary function of Subroutine 11AP1 (deckname SUB4A) is to

perform parabolic interpolation of a tabulated function of one variable,

If parabolic interpolation cannot be performed, linear interpolation or

extrapolation, or extrapolation of a single value is performed.

Subroutine 11AP1 is called by the main routine and Subroutines

STRVAL, DERIV, and PLC; it does not call any other subroutines.

Subrou-

tine |1AP1 does not require external input and does not provide external

output.

Internal input and output are transmitted as arguments

subroutine. The internal input consists of:

IMX X

XP Y

The internal output consists of:

YP

Fortran Nomenclature for Subroutine [1API

of the

The following table gives the Fortran nomenclature for those

symbols used in Subroutine 11API.

Since the subroutine may be used with

any consistent set of units, the units of the symbols are not specified.

The subscript |, where indicated, is a tabular entry index.

Fortran

Symbol Symbol
A O

B b

D! [X-%]

Description

Coefficient of the second-order
term in the expression for vy as
a function of x

Coefficient of the first-order
term in the expression for y as
a function of x

Distance between a tabular entry
of X and the value of x at which
a value of ¥ is to be obtained

Uni ts [
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SUBRGUTINE 11API

The primary function of Subroutine [1AP1 (deckname SUBLA) is to
perform parabolic interpolation of a tabulated function of one variable.
If parabolic interpolation cannot be performed, linear interpolation or
extrapolation, or extrapolation of a single value is performed.

Subroutine |1AP1 is called by the main routine and Subroutines
STRVAL, DERIV, and PLC; It does not call any other subroutines. Subrou-
tine I1AP1 does not require external input and does not provide external
output., Internal input and output are transmitted as arguments of the
subroutine. The internal input consists of:

IMX X ' XP Y
The internal output consists of:

Yp

Fortran Nomenclature for Subroutine [|1API

The following table gives the Fortran nomenclature for those
symbols used in Subroutine 11APl. Since the subroutine may be used with
any consistent set of units, the units of the symbols are not specified.

The subscript |, where indicated, is a tabular entry index.

Fortran . i
Symbol Symbol Description Units |
A ¥ Coefficient of the second-order
term in the expression for y as A
a function of x -
B b Coefficient of the first-order
term in the expression for y as
a function of x --
DI /X'X}[ Distance between a tabular entry
of X and the value of X at which
a value of y is to be obtained -
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Fortran

Symbol
DREF

I MX

IREF

IRM

IRP

NE

XP1

X21

X32

Y(1)

YP

Y21

Szmbol
mim |X-Xp|

{+1

Ye

Y~V

[ {

Description

Smallest distance between a tabu-
lar entry of X and the value of X

at which a value of y is to be
obtained

Index of the first tabular entry
used to obtain a linear varia-
tion of y as a function of X

Number of tabular entries

Index of the tabular entry of
X which gives DREF

Index of the tabular entry pre-
ceding IREF

Index of the tabular entry fol-
lowing IREF

Index of the second tabular
entry used to obtain a linear
variation of y as a function
of x

Tabular entries of the indepen-
dent variable

The value of the independent
variable at which a value of
the dependent variable is to be
obtained

Difference in two values of the
independent variable

Difference in two values of the
independent variable

Difference in two values of the
independent variable

Tabular entries of the dependent
variable

The value of the dependent vari-
able to be obtained

Difference in two values of the
dependent variable

Units



Fortran

Symbol Symbol Description Units
Y32 Yeer Ye Difference in two values of the
dependent variable -

Internal Structure

The structure of this service subroutine is described in the
Numerical Techniques section of Appendix |. A Fortran listing is given

on the following page.
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c
C
c
C
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10
20
30

40

50

60

70

11AP1 - PARABOLIC INTERPOLATICN OR LINEAR EXTRAPCOLATION OF A

FUNCTION OF ONE VARIABLE

SUBROUTINE I1APL{XP,YP;XyYsIMX)
DIMENSION X{17),Y(17)

IF (IMX-2) 10,530,20
YP=Y(1)

RETURN

IF (XP.GT.X(1)) GO TO 40
IE=1

NE=2

G0 TO S0

IF (XP.LT.X(IMX)) GD TO 60
IE=TMX-1

NE=I4X

YP=Y(IE)}+ (XP-X(LE} J#(Y{NE)-Y(IE}) Z{X{NE}-X(IE))
RETURN

IRl=IMX-1

IREF=2

DREF=ABS (X(2)-XP)

DD 70 I=2,IM1

DI=ABS (X{1)=XP)

IF (DI.GE.DREF) GO TQ. 70
IREF=1

DREF=01

CONTI NUE

IRM=] REF-1

1RP=IREF+1
X21=X{ IREF }-X { IRM)

X32=X{ IRP)~X ( IREF)
Y21=Y(IREF)-Y( IRM)

¥32=Y (IRP)~Y(IREF)

A= (X21%Y32~X32#Y21)/ (X21%X32%(X32+4X21))
B=Y21/X21=-X21*A

XP 1=XP-X (IRM)
YP=ASXPL#%2+B# XPL+Y ( [RM)
RE TURN

END

IAP
1AP
1AP
1AP
TAP
1aP
1AP
IAP
1AP
1AP
1AP
IAP
1AP
1AP
1AP
1AP
1AP
1AP
IAP
IAP
1AP
1AP
1AP
AP
1AP
1apP
IAP
rap
AP
T1AP
iAP
1AP
1AP
IAP
IAP
TAP
14AP
1AP
IAP



APPENDIX 1X

SUBRGUT INE SLPPE

The function of Subroutine SLPPE (deckname SUB5) is to obtain the
derivative of a tabulated function with respect to the independent variabie
at each tabular entry of the variable.

Subroutine SL@PE is called by Subroutines P¢W£R, STRVAL, and
SETUP; it does not call any other subroutines. Subroutine SL@PE does not
require external input and does not provide external output. Internal in-
put and output are transmitted as arguments of the subroutine. TH; internal
input consists of:

X Y IMX
The internal output consists of:

DYDX

Fortran Nomenclature for Subroutine SL@PE

The following table gives the Fortran nomenclature for those
symbols used in Subroutine SLPPE. Since the subroutine may be used with
any consistent set of units, the units of the symbols are not specified.

The subscript |, where indicated, is a tabular entry index.

Fortran
Symbol Symbol Description Units
A a Coefficient of the first~order

term in the expression for y

as a function of x -
DYDX (1) dy/dx); Tabulated values of the deriva-

tive of y with respect to X -
l { Index of the tabular entries --
1MX Number of tabular entries -
M1 Number of tabular entries minus

one -
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Fortran

Symbol
X(1)

X21

X32

Y(1)

Y21

Y32

Ye

Yi™ Y-

Yierm Ve

Internal Structure

following page(s).

Description

Tabular entries of the indepen-
dent variable

Difference in two values of the
independent variable

Difference in two values of the
independent variable

Tabular entries of the dependent
variable

Difference in two values of the
dependent variable

Difference in two values of the
dependent variable

outlined in the Numerical Techniques section of Appendix |.

Units

A Fortran listing of this service subroutine is given on the

The structure of the subroutine follows the procedure



$%
SIBFTC SulS LIST,DECK,¥94

T sLop
C SLOPE ~ DETERMINATION OF DY/DX AT EACH TABULAR ENTRY OF X sLop
¢ sLae
SUBRQUTINE SLOPE {X»Y,0YDX,IMX) sLopPQcCoOl
DIMENSION X{1T73,Y(17),DVOR(LT) SLOPOCC2
IF (IMX=2) 10420,30 SLOPCCO3
10 JYUXI1)=0.0 sLaePaco4
RETURN SLOPOOOS
20 DYDX(L) =(Y(2)-Y(L} D7 {X{2)-X(1)} SLoPCCas6
DYDX(2)=0YDX(1) StoPCCO7
RF TURN SLOPOCO8
30 IML=IMX~1 sLapocos
x21=X(2)~X(1) staeqacC1c
Y21=Y(2)-Y{1) SLOPCCLE
DD 40 1=2,1IM)} SLQapPoQl2
%X32=X.1¢1}-X(I) sLopoCl13
Y32=Y{1+1)-YI(1) SLOPOC14
A=(Y214Y32-X32%Y21)/ (X21%X32%(X21+X32)) SLOPGCLS
DYDX(T)I=Y2L/X2L+X21%A - SLOPOCL £
IF {1abude2) DYDX({1)=Y21/X21-X21%A SLOPOC17
IF {1.EQeIM1) DYDXIIMX)SY21/X21+{X21+42.0%*X32)*A SLOPOC18
X21=X32 : SLOPOOLS
40 Y?21=Y32 . SLOP0020
RE TURN SLOPQO21
END sLopQCe22
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APPENDIX X

SUBRPUTINE STRIP

The function of Subroutine STRIP (deckname SUB6) is to obtain
the initial estimate of the radial position of each streamline at a design
station.

Subroutine STRIP is called by the main routine; it does not call
any other subroutines. The subroutine does not require external input and
does not provide external output. Internal input and output of the sub-
routine are transmitted through blank COMMEN, COMMEN/CEML/, and COMMEN/CEMS5/.
The internal input consists of:

1DS ISTRAC NLINES NTUBES RANN
WFN
The internal output consists of:
RST
(These symbols are described in the appropriate sections of the COMM@N

Fortran Nomenclature.)

Additional Fortran Nomenclature for Subroutine STRIP

The following table gives the Fortran nomenclature for those

symbols used in Subroutine STRIP which are not part of C@MMEN.

Fortran

Symbol Symbol Description Units
ISTAT Station index -

J J Streamline index -

Internal Structure

Subroutine STRIP performs the calculations described in step 13

26



of the Analysis Procedure. This is accomplished in two segments. The
first segment sets the values of the radial position of the hub and cas-
ing streamlines. The second segment obtains the radial position of the
interior streamlines.

The Fortran lisitng is given on the following page(s).
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$IBFYC SuB6 LIST,DECK,M94

c
c
C

STRIP - DETERMINATION OF INITIAL STREANMLINE POSITIONS

SUBROUTINE STRIP

COMMON IBR,ICOEF «ICONV,ICOCLIDLETE,IDS, ILLOOP, ILGOP, ILOSS,
LIMIX, ISAV,ISON I SPEC, ISRIsISTGyIWRL yNDSTAT 9 NLINES+NSPOOL,

2NSTG, NTAPE,NTUBES

COMMON /COMG/FLW(LT) sFLRWPHP yRPMyRST{1T7)4WFN(1T7)

COMMON /COMS/ASTRUL17917) sASTSULT) 4BETLT(1T)},CSTR{(LT»17)y
LCSTS{17),0TO(17) +FHP(B) s FLHC+IPOF (8) 4 ISTRACsNLT,
2NSTATy NSTRAC yNXT 4POF (17,8) 4POLT(17),RANN(19,2),RLT(17),
3RSTRAC(L7,17)yRSTRAS(17) +RXTS(17)+TCC(16)s TOLT(17),
GWRLS(LT) o XMIX{17416) +XSTAT(19),Y0S(17)

IF (ISTRAC.EQ.1l) GO TO 50

ISTAT=IDS+1

RST(1)=RANN{ISTAT, 1}

RSTINLINES)=RANN(ISTAT,2)

GO TO 100

50 RST{1)=RANN(IDS,1)

100
200

248

RST(NLINE S)=RANN(IDS,2)

DO 200 J=2,NTUBES
RST{JI=SQRTIRST(L) **2+WFN(J) *(RSTINLINES }**2-RST(1)**2))
RETURN

END

STRP

STRP

STRP

STRPOQO1
STRPCCO2
STRPQOO3
STRPOOO4
STRPOCOS
STRPQOCO6
STRPQOQO7
STRPCCO8
STRP 0009
STRPCC1C
STRPOO11
STRPOC12
STRPOC13
STRPOC14
STRPCCL1S
STRPOC16
STRPOCL?
STRPOCLS8
STRPOC19
STRPOO20
STRPOC21



APPENDIX XI

SUBRGUTINE STRVAL

The function of Subroutine STRVAL (deckname SUB7) is to obtain
streamline values of the items which are required for the solution of the
radial equilibrium equation at a design station.

Subroutine STRVAL is called by the main routine; it, in turn,
calls Subroutine 11AP1 and SLPPE. Subroutine STRVAL does not require ex-
ternal input and does not provide external output. Internal input and out-
put of the subroutine are transmitted through blank COMM@N, CZMM@N/CEM1/,
COMMBN/CBM2/, CEMMBN/CBM3/, CEMMBN/COML/, CEMMEN/CAM5/, CHMMBN/CEM8/, and

CAMMBN/CEM11/. The internal input consists of:

ASTS BETLT cP2 CP3 CSTS
DT - GAMA2 GAMA3 GJCP2 ICPEF
ILESS ISPEC ISRI IWRL NLINES
NLT NSTRAC NXT POLT POg
PBg2 RLT RPM RST RSTRAS
RXTS TOLT 06 TP2 THU

uu VTU WRLS Yg@s

The internal output consists of:

AY BET CRV DADR DBDR
DFLDR DP@DR DTEDR DVTDR DWYDR
EFFR EFFS FACL Pg T8

u VT WYE WYK

(These symbols are described in the appropriate sections of the C@MM@N

Fortran nomenclature.)
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Additional Fortran Nomenclature for Subroutine STRVAL

The following table gives the Fortran nomenclature for those

symbols used in Subroutine STRVAL which are not part of CZMM@N.

Fortran
Symbol Symbol Description Units
AYP AU Streamline value of: the stream-
line angle of inclination rad
BETP B.i Streamline value of the flow
4 angle rad
CRVP (Y1), Streamline value of the stream-
™o
line curvature per ft
PoP (R:); Streamline value of the total
/ pressure psif
RP rb- Radial position of a streamline ft
TEP (T2 Streamline value of the total
7 temperature deg R
WRLP Streamline value of the quantity
used to specify the whirl at a
stator exit -
Y@SP Streamline value of the quantity
used to specify the loss ~--

Internal Structure

Subroutine STRVAL performs the calculations described in steps
16 to 26 of the Analysis Procedure. The individual steps are identified

in the following tabulation by the card sequence numbers.

Step of Analysis Procedure Sequence Numbers
16 0027
17 0028 - 0032
18 0033 - 0040
19 ookl
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Step of Analysis Procedure _ Sequence Numbers

20 0042 - 0049
21 0050 - 0051
22 0052
23 . 0053
24 0054 - 0062
26 0070 ~ 0087

The Fortran listing of the subroutine is given on the following page(s).
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C

C STRVAL - CALCULATICN OF STREAMLINE VALUES OF INPUT ITEMS TO THE
C RADIAL EQUILIBRIUM ECUATION

c

50

100
150
200

252

SUBROUTINE STRVAL

COMMON IBR,ICOEF +TCONV,ICOOL,IDLETE,IDS, ILLOOP, ILOOP, ILOSS,
LIMIXy ISAV,ISON+ISPECy ISRI+ISTGe IWRL yNOSTATyNLINES,NSPOOL »
2NSTG . NTAPE,NTUBES

COMMON /CCML/AY(17)4BET(17)4BETR(17),BREFF(17),CRV(17]),
LOFLOW(17) ,EFFR{1T7) yEFFS(LT)EM(L1T)EMR(L1T7)yFACL(L1T7)yGRND(1T7),
2P (17) 4PO(17)4POR(LT7Y4REACILT) yTI{L7),TO(L17)TORILIT),U(1T7),
AVILTY o VNILT) yVRILT ) o VTILT) oVX{L1T) yWYE(1T) 4 WYK(17)

COMMON /COM2/CPL17),CPL,CP2,CP3,4CP4,CP5,EJCPLyEJCP2,
1GAMAl ,GAMA2,GANA3,GAMBL GANMC1,GAMD2 y GAMD3, GAMD4, GAMDS,
2GAM1 ,GAM2 GAM3 GAM4,GAMS,GASC4GGGLy GJCPL,GJCPL12,GICP 2,
3G6JCP22,GJCP32,G4CP42,GJCPS2

COMMON /COM3/BETRU{17)BETU{17),BREFFC(17), DPOUDR(17),
1DPRUDR (17) ,DTRUDR{17),P00(17),PCO2{(17),PDRULLT7),POU(LT),
2REACO(17),TCOUL7),TCO2(17),TORULLT7)TOUIL7)UU(LT),
3VRULLT) VTULLT)y VU{L1T ), HWYED(LT)

COMMON /JCOM&4/FLW{L1T) yFLWPyHPRPMyRST(17) yWFN(17)

COMMON /COMS/ASTR(LT 1 7) ¢ ASTS(L7)BETLT(LT)+CSTR(LTs1T)y
LCSTS{17),DTO(L7) 4FHP(8)yFLWC,IPOF(8)y ISTRAC4NLT,

SNSTAT ¢ NSTRAC JNXTyPOF(17,8)4,POLT(17),RANN(19y2},RLT(17},

IRSTRAC(L7417)sRSTRAS(17) 4RXTS(17)4TAC(16),TOLT(17)
4WRLS{17) ¢ XMIX(17416) ¢ XSTAT(19) ,Y0S(17)

COMMON /COMB/DADR(17),DBDR{17)«DPODR( 17)+DTODR(17),
LOVTDR(17) 4DWYDR(17)

COMMON /COM11/ AYP,CGSA,CCSB,COSQE,CBORP,DBRUDR(17)yDBLDR(17),
1DFLDR(17)+DVRUDR{17),DVUDR{17),1Jy TANR,VMP,VSQ,VTP

DN SO0 J=14NLINES

RP=RST(J)

CALL [1APL{(RP,AYPyRSTRAS4ASTSyNSTRAC)

AY (J)=AYP

CALL T1AP1(RP,CRVP,RSTRASyCSTS,NSTRAC)

CRV(J) =CRVP

IF (ISRI.NE.3) GO TO SO

CALL TLAPL(RP,TOPyRLTTOLT,HNLT)

T0(J)=TOP

CALL I1AP1(RP+POP+RLT +POLT,NLT)

Pa{J) =POP

CALL 11API1(RP4RETP,RLTsBETLTHNLT)

BET(J}=BETP
GO 1O s00

Ul J)=RPM*RP

IF (ISRTI.NE.1) GO 7O 150

TO(J)=TAU(J)

CALL [1APL (RPyWRLPRXTSsWRLSyNXT)

IF (IWRL.GT.0) GO TO 100

VT{J)=WRLP

GO YO 200

BET(J)=WRLP
GO 70O 200

TO(J)=TOU(J}-DTO(J)

VT (J)I=(UU(J) *VTULJI)-GJICP2*DTO(J) }/ULJ)

IF (ISPEC.EQ.1) GO TO 500
CALL T1AP1{RP,YOSP+RXTS,YOS,NXT}

IF (ISPEC.EQ.2) GO TQ 450

IF (ISRI.EG.1) 50 TO 350

STRV

STRYV

STRY

STRV

STRVQOCO1
STRVCCO2
STRVQ003
STRV0OOO04
STRVOCOS
STRVCCO6
STRV0007
STRvVOCOB
STRVOCOS
STRVQC1C
STRVOO1ll
STRVOC12
STRVOC13
STRVOC1l4
STRVQC1S
STRVOO1¢
STRVOCLY
STRvOClL8
STRV0019
STRVO0C2C
STRvO021
STRvQ0022
STRVOC23
STRVOC24
STRVOC25
STRV0026
STRVO0027
STRVOC2E
STRVCC29
STRVOC30
STRV0031
STRVQC32
STRVCC33
STRVOG34
STRVO035S
STRVOC36
STRVGC37
STRV0O38
STRVOC39
STRVOC4C
STRVOC41
STRV0042
STRVG043
STRVOC44
STRVOC4S
STRVOO04¢
STRVOQ4T
STRV(OC48
STRVOC4S
STRV0050
STRVOOSt
STRVOCS2
STRVO00S3
STRVOCS4
STRV0OO0SS



250

300

350

400
450
500

550
600

650
675
700

750
800

850

300
950

IF (ILOSS-1) 3504250,300
EFFR{J)=YOSP

PO(J)=POO(N)*(1.0-DTO(J) 7 (YCSP*TOO(J) ) ) **GAMA2

GO 7O %00
EFFS(J)1=YOSP

PO(J)=PU02(J)*(1.0~CP2*0DTO(J) 7 (YOSP*CP3*TO02(J)) )**GAMA3

GO TO 500

IF {ICCEF.NE.O) GO TO 400
WYE(J)=YOSP

GO 70 500

HYK{J)=YOSP

GO TO 500

FACL(J)=YOSP

CONTINUE

CALL SLOPE(RST,TOyDTODR,NLINES)
IF {ISRI-2) 550,600,650

IF {IWRL.GT.0) GO TN 650

CALL SLOPE(RSTVT,DVTDR,NLINES)
IF (ISPEC.EQ.0) GO TO 700

GO TO 675

CALL SLOPE(RST,BET,DBDRyNLINES)
CALL SLOPE(RST,AY,DADR,NLINES)
IF (ISRI.GT.2) GO TO 800

IF (ISPEC~-1) 750,950,900

IF {ISRI.EQelaOR.ILOSS.EQ.0) GO TO 850
CALL SLOPE(RST P0yDPOOR,NLINES)
RETURN

CALL SLOPE(RSToWYE DWYDR,NLINES)
RETURN

CALL SLOPE(RST oFACL,DFLDOR,NLINES)
RE TURN

END

STRVCCS6
STRV00S7
STRVOCSS
STRVOCSS
STRVGC6C
STRV0061
STRV0062
STRVOC63
STRVOC64
STRV006S
STRVOCG6
STRVOC67
STRVOC6E
STRVOC6S
STRVOCTC
STRVOC71
STRV0072
STRV0073
STRVOOT4
STRVOCT5
STRVCCT6
STRVOCT?
STRVOCT8
STRVCCT9
STRV00RO
STRV0081
STRVOC82
STRVOC83
STRVOC84
STRV008S
STRVOC86
STRVOCB7?

253




APPENDIX XII

SUBRPUT INE VMNTL

The function of Subroutine VMNTL (deckname SUB8) is to obtain an
initial estimate of the meridional velocity at the mean streamline of a
design station.

Subroutine VMNTL is called by the main routine on the first pass
through the iterative loop on streamline position; the subroutine does not
call any other subroutines. Subroutine VMNTL does not require external
input and does not provide external output. The internal input and out-
put of the subroutine are transmitted through blank C@MM@N, CBMMBN/CPMY/,

COMMBN/C@EM2/, and COMMEN/COM7/. The internal input consists of:

AY BET CpT60 EMMAX EMMIN
GAMCT GGG1 IS@N ISRI TWRL
T8 U VT

The internal output consists of:
VMM
(These symbols are described in the-appropriate sections of the C@MM@N

Fortran Nomenclature.)

Additional Fortran Nomenclature for Subroutine VMNTL

The following table gives the Fortran nomenclature for those

symbols used in Subroutine VMNTL which are not part of C@MMBN.

Fortran
Symbol Symbol Description Units
EKAY M [ R Parameter related to specific 1
1+ ()M heat ratio and Mach number fps per deg R*’
z
EMI M Assumed value of Mach number
when flow angle is specified at
a design station -~
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Fortran

Sxmbo]
PARAM

VHMAX

VMMIN

Symbol

!/90 RY(Toi )m

- (%)

W{( Vmi )m}

M {(Mm)m}

Internal Structure

of the Analysis Procedure.

on the following page(s).

Description

Parameter related to specific

heat ratio, and total tempera-

ture and tangential velocity at

the mean streamline fps
Maximum allowable estimate of

the meridional velocity at the

mean streamline fps
Minimum allowable estimate of

the meridional velocity at the

mean streamline fps

Units

Subroutine VMNTL performs the calculations described by step 27

A Fortran listing of the subroutine is given
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$IBFTC SURS LIST+DECK,M94

c
c
c
c

50
100
150
200
250
300

350

VMNTL - OBTAIN AN INITIAL ESTIMATE OF THE MERIDIONAL VELOCITY AT

THE MEAN STREAMLINE

SUBROUTINE VMNTL

COMMON [BR, ICOEF,ICONV,ICQOL, IDLETE,IDS, ILLOOP,ILOOP, ILOSS,
LIMIXy ISAV,ISON I SPEC, ISRIZISTGy IWRLyNOSTATNLINES,NSPOOL,
2NSTGy NTAPELNTUBES

COMMON /COML/AY(L1l7),BET(17)4BETR{17),BREFF{17),CRV(1T),
LOFLOW(LT) yEFFR(LT) yEFFS(L1T)yEM( LTI EMR(LT}oFACL{17)oGRND(LT},
2P(17) 4PO(L1T7)+PORILT)yREACILT) ¢ THLT)}TO{17),TOR{LT7IyU(17),
IVILTY o VMILT) aVRILT)oVTLLT) JVX{LT) 4 WYELLT )4 WYKILT)

COMMON /CQOM2/CP(17)4CP1,CP2,CP3,CP44CPS,EJCPLyEJCP2,

1GAMAL ,GAMA2,GAMA3,GAMB1 ,GAMC1,GAMD2 ,GAMD3,GAMD 4y GAMDS,
2GAM] ¢GAM2 yGAM3 yGAM4,GAM5 (GASCyGGGLlyGJCPL19GJICPL2,GJICP 2,y
3GJCP22,GJCP32,6GJCP42,GJICPS2

COMMON /CUM7/COT60,DFLHT 4DFLWT Oy EMMAX EMMINy ICNT»JJy
1JJPsMEAN4RATIO,VMM,VMMO, VMMOO

IF (ISRI-2) 504+350,200

IF (IWRL-1) 300,150,100

IF (I SON.EQ.O) GO TQ 150

EMI=1.2

GO TO 250

EMI=0.8

50 TO 250

EMI=0.4

EKAY=SGRT(GGGL /{1 0+GAMCL*EMI**2) ) *EMI

VMM=EKAY*SQRT(TO (MEAN)/{1.0+(COS(AY(MEAN))*TAN(BET(MEAN) ) )*%2})
RETURN

VMM=C0T60+#VT (MEAN) /COS (AY(MEAN))

GO Y0 400

VMM=-CCT60* (VT (MEAN)-U{MEAN))/CQOS (AY(MEAN))

400 PARAM=SQRT(GGG1¥*TO{MEAN)~-GAMC1*VT (MEAN)*%2)

256

VMMAX=PARAM*EMMAX/SQRT(1.0+GAMCL*EMMAX**2)
VMMIN=PARAMEKEMMIN/SQRT (1. 0+GAMC] *EMFMIN** 2}
IF (VMM.GT.VMMAX) VMM=VMMAX

IF, (VMM.LToVMMIN) VMM=VMMIN

RETURN

END

VMNT

VMNT

VPNT

VMNT

VMNTO001
VMNT0CO02
VFNTO00013
VMNTO0004
VMNTOCOS
VMNTOCC6
VMNTO0O007
VMNT0008
VMNTQCO9
VMNTOC1C
VMNTOO11
VMNTOC12
VMNTOC13
VFMNTOC14
VMNTOO15
VMNTOCL6
VMNTOCL17
VMNTOC18
VMNTOO019
VMNTOC2C
VMNTOC21
VMNTCC22
VMNT0023
VMNTOC24
VMNTOC25
VMNT 0026
VMNT0027
VMNTOCZ28
VMNTO0C29
VMNTO0030
VMNTO031
VYMNT0032
VMNTOC33
VMNTO0034
VMNTO0035



APPENDIX X111

SUBRAUT INE RADEQL

The primary function of Subroutine RADEQL (deckname SUB9) is to
control the logic of the calculation of the meridional velocity distribu-
tion. In addition, the subroutine obtains streamline values of the mass
flow function corresponding to the meridional velocity distribution.

Subroutine RADEQL is called by the main routine; it, in turn,
calls Subroutines RUNKUT and DERIV. Further, Subroutine RADEQL specifies
that Subroutine DERIV be called by Subroutine RUNKUT. Subroutine RADEQL
does not require external input and does not provide external output.

The subroutine has access to blank COMM@N, CEMM@N/CEM1/, COMMBN/CEML/,
COMMAN/CPM6/, and COMMIN/CHM7/. The internal input transmitted through
CAMMPN consists of:

MEAN NLINES Pl RST VMM
The internal output transmitted through COMMBN consists of:

DFL@W DFLWT
(These symbols, as well as others used in Subroutine RADEQL, are described
in the appropriate sections of the COMM@N Fortran Nomenclature.) One item
of the internal output is transmitted as an argument of the subroutine;
namely,

LSGN

Additional Fortran Nomenclature for Subroutine RADEQL

The following table gives the Fortran Nomenclature for those

symbols used in Subroutine RADEQL which are not part of CZMM@N.
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Fortran

Symbol Symbol
DELR G‘w’"} et 5.‘—5_,
TUPDN
J J
JM J'—I
LSGN
QUE %
RP /b
2
VMsSQ (Vimi),

Internal Structure

Description

Radial distance between adjacent
streamlines

Indicator:
IUPDN=1 if the calculation pro-
ceeds from the mean stream-
line to the hub
IUPDN=2 if the calculation pro-
ceeds from the mean stream-
line to the casing

Streamline index

Index of the streamline preced-
ing that indicated by J

Indicator:
LSGN=0 if the calculation of
the meridional velocity distri-
bution corresponding to a par-
ticular value at the mean
streamline is proceeding nor-
mally
LSGN=1 if the calculation of
the meridional velocity distri-
bution corresponding to a par-

ticular value at the mean stream-

line has been abandoned

A measure of the round-off error
in the Runge-Kutta determination
of the meridional velocity dis-

tribution

A streamline value of radial
position

A streamline value of the square
of the meridional velocity

ft

fps

ft

fps

Units

Subroutine RADEQL performs the calculations of steps 29, 46, and

L7 of the Analysis Procedure.

three steps are 0014 - 0018, 0029, and 0034 - 0037, respectively.

The sequence numbers corresponding to the

A

Fortran listing of the subroutine is given on the following page(s).
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™

c
c
c

50

100
150

300

400

RADEQL ~ OBTAIN THE SOLUTION GF THE RACIAL EQUILIBRIUM EQUATION
BASED ON AN ESTIMATED VALUE OF VM{MEAN)

SUBROUTINE RADEQL(LSGN)

COMMON [BR,ICOEF, ICONV,ICOOL, IDLETE,I10S,ILLOOP, ILOOP,ILOSS
LIMIX, ISAV,ISUN+ESPEC+TISRE. ISTG INRL «NOSTAT, NLINES.NSPOGL »
2NSTGyNTAPE ¢NTUBES

COMMON /COMLZAY(17)+BET(L17),BETR(LTIBREFF(17)yCRV(1T ),
LOFLOW(17) »EFFR(LTIyEFFS{LT)yEM{LT7),EMR(L1T},FACL(L1T7},GRND(LT),
2P(17)4PO(LT) »PORELT) HREAC (LTI TC(LT) »TO(LT)H» TOR(1ITI U(1T)y
VLT s VML 7)o VRILT) oVTULTI o UXCLT I JWYEC(LT ) WYK(LT) |

COMMDON /COMG/ELH(LT) yFLUP yHPRPMyRST(1T7)yWENILT)

COMMDON /COM6/CNV1 CNV2,CNV3,CNV5 ,EJAY ,GO,P 1, TOLWY
COMMON /COMT/COT60sDFLAWT 4DFLWT Oy EPMAX yEMMIN, ICNT ¢ JJy
1LJIPJMEANJRATIO,VMM,VMMO, VMMCO

EXTEINAL DERIV

TUPDN=C

1UPDN=]1 UPDN+1

RP=RST{MEAN)

VMSQ=VNMEX2

QUE=0.C

DO 300 J=2,MEAN

IF {IUPDN.EQ.2) GO TO 100

JI=MEAN=J+2 -

JIP=4J-1
60 TD 150

JJI=MEAN+J-2

JIP=dJ+l
DELR=RST(JIP)=RST(JIJ)

CALL RUNKUT(RP 4DELR,VMSQ¢QUEDERIVyLSGN)

IF (LSGN.CQal} RETURN
CONTI NUE
Jd=J4JpP

CALL DERIV(RPoVMSQeDUMMY S ¢LSGN)

IF({LSGN«EQ.1)RETURN

IF (IUPON.EQ.1) GO TQO S50

DFLOW(1)=0.0

DO 400 J=2:NLINES

JM=J=-1

DFLOW(J)= DFLOH(JH)*PI*(GRND‘JH)*GRND(J))*(RST(J,-RST(JM))

DFLWT=DFLOW{NLINES)

RETURN

END

RDEQ

RCEQ

RDEQ

RDEQ

RDEQOQO1
RDECOQO2
RDEQQGCAQ3
RDEQGCO4
ROEQQGCOS
RDEQO006
RDEQOCO7
RDEQOCO8
RCEQCCO9
RNDECQOCLC
RDEQOCL1
ROEQOCL2
RDEQOC13
RDECOO14
RDEQQOCLS
RDEQOC16
RCEQOOL7
RDEQOC18
RDENOCLS
RDEQOO20
RCEQOO21
RDEQOC22
RDEQQOC23
RCEQO024
RLCEQOC2S
RDEQOC26
RDEQOC2?
RDEQOC28
RCECOC29
RDEQOC3cC
RDEQQAC31
RCEQO032
RCEQOQ33
ROEQOC34
RDEQOC35
RCEQGC36
RDEQOC37
RDEQOC3E
RDEQOC3S
REEQQO40
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APPENDIX XIV

SUBRPUT INE RUNKUT

The function of Subroutine RUNKUT (deckname SUB10) is to ob-
tain the solution of a first-order ordinary differential equation by the
Gill variation of the Runge-Kutta method.

Subroutine RUNKUT is called by Subroutine RADEQL; it, in turn,
calls Subroutine DERIV which has been specified as an argument in the CALL
statement for Subroutine RUNKUT. The subroutine does not require external
input and does not provide external output. Internal input and output are
transmi tted as arguments of the subroutine. The internal input consists
of :

DELX FUNCTN 0 X Y
The internal output consists of:

LSGN Q X Y

Fortran Nomenclature for Subroutine RUNKUT

The following table gives the Fortran nomenclature for those
symbols used in Subroutine RUNKUT. Since the subroutine may be used with
any consistent set of units, the units of the symbols are not specified.
The subscript K , where it appears, is the index of the step in the Runge-

Kutta solution.

Fortran
Symbol Symbol Description Units
A(K) a, A set of constants used to de-
termine DIFF -=
B(K) b, A set of constants used to de-
termine DIFF -~
C(K) c, A set of constants used to de-
termine Q -
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Fortran

Symbol

D (K)

DELX

DELY

DIFF

FUNCTN

LSGN

Symbol

Yi

Description

A set of constants used to de-
termine X

Increment in the independent
variable across which the
differential equation is to
be solved

Product of YPRIME and DELX at
each stage of the solution

The change in the value of
the dependent variable at
each stage of the solution

An argument in the CALL state-
ment for RUNKUT; it operates
as a dummy name for Subroutine
DERIV

Index of the stage of the
solution for Subroutine
FUNCTN

Index of the stage of the
solution

Indicator:
LSGN=0 if no difficulties
have been encountered in
the solution of the dif-
ferential equation
LSGN=1 if a solution to the
differential equation can-
not be found

Quantity used to calculate
DIFF at each stage of the
solution; the value of Q in
the final stage of the solu-
tion is a measure of the
round-off error in Y

Value of the independent
variable at each stage of
the solution

Value of the dependent vari-
able at each stage of the
solution

Units
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Fortran

Symbol Symbol Description Units
YPRIME £ix:, v Value of dy/dx at each stage
of the solution -~

Internal Structure

Subroutine RUNKUT performs the calculations of steps 30 and 45 of
the Analysis Procedure; the card sequence numbers corresponding to the steps
are 0006 - 0013 and 0014, respectively. The Fortran listing is given on

the following page.



*
SIBFYC SuUBlO LIST,0ECK 4MI4

c RNKT
¢ RUNKUT ~ SOLUTION OF A FIRST-ORDER CRDINARY DIFFERENTIAL EQUATION RNKT
c BY THE GILL VARIATION OF THE RUNGE-KUYTA METHOD RNKY
c RNKT

SUBROUTINE RUNKUT(X,DELX,YysGyFUNCTNy LSGN) RNKTQCOL

DIMENSION A(4)+B(4),C(4)4D(4) RNKTOCO2

DATA (A(T) 91=114)/045+0.2928932,1.7071068y0.1666667/+(B(1)y1=1,4) RNKTOCO3

1/2¢0914091009020/9(C(I)41=194)/065900292893251.7071068,0457, RNKTOCO4

20 (1) 512144} /0.0304590.040.5/ RNKT0005

DO 100 K=1,44 RNKTOC06

X=X+D {K) *DELX : RNKYOCO7T

IK=K RNKTCCO8

CALL FUNCTN{X¢YsYPRIMEIKyLSGN) RNKT0C09

IF (LSGN.EQ.1) RETURN RNKT0C1C

DELY=YPRIME*DELX RNKTOC11

DIFF=A (K} *{DELY-B (K} *Q) RNKTCC12

Y=Y+DIFF : RNKT0013

100 Q=Q+3.0%DI FF-C (K)*DELY RNKT0014

RETURN _ ' : RNKTOC1S

END RNKTOC16
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APPENDIX XV

SUBRPUTINE DERIV

The primary function of Subroutine DERIV (deckname SUBil), is to
obtain a value of the derivative of the square of the meridional velocity
with respect to radial position for a specified value of meridional ve-
locity and radial position. In addition, Subroutine DERIV obtains values
of absolute total pressure and tangential velocity, if they are not known,
and the mass flow function for a streamline.

Subroutine DERIV is called by Subroutine RUNKUT to perform its
primary and secondary functions; it is also called by Subroutine RADEQL
to perform its secondary function alone. Subroutine DERIV calls Subrou-
tines 1JAPY, PLC, and SIMEQ. The subroutine does not require external
input and does not provide external output except for one error message.
The subroutine has access to blank CMM@N, CEMMBN/CEMI/, COMMBN/CEM2/,
COMMBN/CBM3/, COMMBN/COML/, COMMPN/COM7/, COMMEN/CBMB/, and COMMBN/COMIY/.

The internal input transmitted through COMM@N consists of:

AY BET CRV DADR DBDR
DP@DR DPPUDR DPRUDR DTHDR DTRUDR
DVTDR DWYDR GAMA1 GAMA2 GAMBI
GASC GJCP12 GJCP22 1 CENV IDLETE
I LLEgP | LAGP 1LgSS [ SPEC ISRI
IWRL JJ JJP MEAN NLINES
Po PPRU PgU RPM RST

9 T@RU U uu VT

WYE



The internal output transmitted through CAMM@N consists of:

GRND Pg VM VMM VT
(These symbols, as well as others used in Subroutine DERIV, are described
in the appropriate sections of the COMM@N Fortran Nomenclature.) The in-
ternal input transmitted as arguments of the subroutine consists of:

1K RP VMSQ
The internal output transmitted as arguments of the subroutine consists
of:

DVMSDR LSGN

Additional Fortran Nomenclature for Subroutine DERIV

The following table gives the Fortran nomenclature for those
symbols used in Subroutine DERIV which are not part of COMM@N. Subscripts

] and J are row and column indices, respectively.

Fortran
Symbol Symbol Description Units
BETP B. A value of the absolute flow
angle ' rad
CoF (1,J) Coefficient matrix augmented
by a constant vector which
represents the set of three
equations used to satisfy radial "
equilibrium --
COFT(1,4) Duplicate of C#F . -
CRVP (/)i A value of the streamline cur- -1
vature ft
DADRP d/li/dr‘ A value of the derivative of -
the streamline angle of incli-
nation with respect to radius rad per ft

™ Since the units of the elements of the matrix differ from one another,
no units are shown.
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Fortran

Symbol Symbol
DDR (1)
DENDM
DEN@M@
DP@DRP dp,:/dr
DPBUDP dpy,.,/dr
DPRUDP dpt,/dr
DTZDRP art,/dr
DTRUDP a7k /dr
2
DVMSDR d VY, /dr
DVMS® av;, /dr
DVTDRP dv,, /dr
DWYDRP dY./dr

o (dY /dr),

Description

Solution vector for the set of
three equations used to satisfy
radial equilibrium

Determinant of the coefficient
matrix

Previous value of DEN@M

A value of the derivative of
the absolute total pressure
with respect to radius

A value of the derivative of
the modified upstream absolute
total pressure with respect to
radius

A value of the derivative of
the modified upstream relative
total pressure with respect to
radius

A value of the derivative of
the absolute total temperature
with respect to radius

A value of the derivative of
the modified upstream relative
total temperature with respect
to radius

A value of the derivative of
the square of the meridional
velocity with respect to radius

A value of DVMSDR at the previ-
ous streamline

A value of the derivative of
the tangential velocity with
respect to radius

A value of the derivative of

ei ther the pressure-loss coeffi-
cient or the known part of the
pressure-loss coefficient with
respect to radius

Units

1bf per ft3

1bf per ft3

1bf per ft3

deg R per ft

deg R per ft

ft per sec2

ft per sec2

per sec

sec2 per ft2

* Since the units of the elements of the matrix differ from one another,

no units are shown.
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‘Fortran

Symbol
DWYVM

DWYVT

FUN1

FUN2
FUN3
FUNL
FUN5

GJCPTI

GJCPT2

IK

I VMSMN

Symbol

Y2

v3

P4 yoJCPi-';L

Z?OJZ:' T

pé '0,i-1

DescriEtion

A value of the coefficient of
that part of the derivative of
the pressure-loss coefficient
with respect to radius which is
dependent on d.V? /dr

A value of the coefficient of
that part of the derivative of
the pressure-loss coefficient
with respect to radius which is
dependent on d\,/dr

A grouping of terms in the sec-
ond equation of the set used to
satisfy radial equilibrium

Similar to FUNI
Similar to FUNI
Similar to FUNI
Similar to FUNI

Parameter related to the abso-
lute total temperature at a
design station

Parameter related to the modi-
fied upstream relative total
temperature

Index of the stage of the Runge-
Kutta solution

Indicator:
IYMSMN=0 if an allowable value
of the square of the meridio-
nal velocity has been obtained
IVMSMN=1 if a value of the
square of the meridional ve-
locity below the allowable
minimum has been obtained
IVMSMN=2 if a value of the
square of the meridional ‘ve-
locity above the allowable
maximum has been obtained

sec2 per ft2

fps2

fps2
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Fortran

Symbol

LSGN

PP

PERUP

PgUP

PRAT

PRRAT

RP

SINA

SIGN

ToP

TPRUP

TRAT

TRRAT

TRRRAT

up

Symbol

PaL
F&f
Po:
PL' / Poi
i/ Po.
r
¢

e A.

t

DescriEtion

Indicator:

LSGN=0 if the calculation of
the meridional velocity dis-
tribution corresponding to a
particular value at the mean
streamline is proceeding nor-
mally

LSGN=1 if the calculation of
the meridional velocity dis-
tribution corresponding to a
particular value at the mean
streamline cannot be continued

A value of the absolute total
pressure

A value of the modified upstream
relative total pressure

A value of the modified upstream
absolute total pressure

Static-to-total pressure ratio

Relative-to-absolute total pres-
sure ratio

A value of the radial position

Sine of streamline angle of in-
clination

Product of DEN@M and DENPM@

A value of the absolute total
temperature

A value of the modified upstream
relative total temperature

Static-to-total temperature ratio

Relative-to-absolute total tem-
perature ratio

Design station-to-upstream rela-
tive total temperature ratio

A value of the blade velocity

Units

psf

psf



Fortran

Symbol Symbol
UUP LL i..,
VMSQ vz
VMSQMN

VMSQHMX

VTSQ V2
WYEP

~.

Internal Structure

Description

A value of the upstream blade

velocity

Square of
locity

Minimum a
square of

Maximum a
square of

Square of

the meridional ve-
1Towable value of the
the meridional velocity

1lowable value of the
the meridional velocity

the tangential velocity

A value of the pressure-loss co=-

efficient

Units

fps

fps2

Subroutine DERIV performs the calculations of steps 31 through

36, 38 through 42, and step L4 of the Analysis Procedure.

The card se~

quence numbers corresponding to the individual steps are identified in

the following tabulation.

Step of Analysis Procedure

31
32
33
34
35
36
38
39
4o
I

Sequence Numbers

0026 - 0059
0060 - 0073
0074 - 0086
0087 - 0101
0119 - 0123
0106
012L - 0148
0149 - 0188
0189 - 0191
0192 - 0195
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Step of Analysis Procedure Sequence Numbers

L2 0199 - 0208
Li 0210 - 0219

A Fortran listing of the subroutine is presented on the following page(s).
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*

c
C
c

18FTC SuBll

100

110
120

130

140
200
210
220
230
240
250

260

270

LIST,DECK,M34

DRIV

DERTV ~ DETERMINATION OF THE CERIVATIVE OF CM*%2 WITH RESPECT TO RDRIV

SUBROUTINE DERIV{RP,VMSC,DVMSDR, IK,LSGN}

COMMON IBRyICOEF 41 CONV,ICOGCLyIDLETE,IDS, ILLOOP, ILOOP, ILOSSy
LIMIXy ISAV,ISON oI SPECy ISRIyISTGy IWRL yNDSTAT» NLINES,NSPOQL »
2NSTGy NTAPEJNTUBES

COMMON /COML/AY{17),BET(17),BETR(17)BREFF(17)+CRV(17),
LOFLOW(17) yEFFR(L17) yEFFS(17),EM{17)EMR{LT7)yFACL(17),GRND(17),
2P(LT) 4POULT)+POR(LT) 4REAC(LIT) T(17),TOL17),TOR(17),:U(17)},
3VILT) s VMULT) oVRILT) o VTLLT) yVX{LT) S WYE( LT ) WYK(LT)

COMMON /50M2/CP(LT)4.CP1,CP2,CP3,CP4,4CPS,EJCPL, EJCP2,
1GAMAL yGAMA2,4,GAMA3 ,GAMB1 4GAMC1,GAMD2 ,GAMD3 5 GAMD49 GAMDS »
2GAML9GAM24GAM3 yGAM4,GAM53GASCyGGGL+GJCPL.GICPL2+4GICP2,
3GJCP22,GJCP32,4GJCP42,GJICPS2

COMMON /COM3/BETRU{17),BETU(17),BREFFO(17}, DPOCUDR(17),
LDPRUDR (17) DTRUDR{17),P00(17),P002(17)4PORU(17),POU(L1T),
2REACI(17),TO0(17),T002¢{17) ,TORU(LT),TOU{1T),UU(1T),
3VRUCLT) WVTULT)y VU(LT) o WYED(LT)

COMMON /COM&G/FLWI(L1T) yFLWP HPyRPMyRST{1T7)WEN(17)

COMMON /COMT/CCT604DFLWT ¢DFLUT Oy EMMAXy EMMIN,y ICNT9 JJy
1JJP,MEAN¢RATI 0 ¢VMM, VMNO, VMMOO

COMMON /COMB/DADR(17),DBDR(17),DPCDR{17),DTODR{17),
LOVTDR(17) +DWYDR(17)

COMMON /COM11/ AYP,COSA,COSB,COSQB,DBDRPyDBRUDR(17)yDBUDRILT?),
1DFLDR(17),DVRUDR(17),DVUDR(17)41JsTANB, VHP.VSQ'VTP

DIMENSION COF(344)+DDR(3) ,COFT(3,4)

DATA VMSQMN/1l.0/

GO TO (1004130+2004110,200),1K

IF {(JJ.NE.MEAN} GD TO 200

IVI*SMN=0

I4=44

GO TO 120

14=4JP

AYP=AY(IJ)

CRVYP=CRV(IJ)

TaP=Ta(tJ}

DTODRP=DTADR(L J)

50 TO 140

CALL TLAPL(RPyAYPsRSTyAY,NLINES)

CALL TLAPL(RP,CRVPyRSTyCRV,NLINES)

CALL T1APL(RP,TOPsRST,TO,NLINES)

CALL T1APL (RP,DTODRPsRST,DTODRyNLINES)

GJCPT1sGJCPL2%TOP

COSA=CCS{AYP)

IF (ISRI-2) 210,220,300

IF (I WRL.NE.O) GO TO 300 -
GO TO (23042509270+42404355),1IK
IF {JJ.NE.MEAN) GO TO 270
VTP=VT(1J}

DVVDRP=DVTDRI(1J)}

GO TO 260

CALL T1AP1{RP,VTPeRSToVT,NLINES)

CALL [ 1APL (RP;DVTDRPyRST +DVTDRyNLINES)
VTSQ=VTIP *%2

VMSQMX=GJCPT1-VTSQ-VMSQMN

IF (VMSQHX.LT.VHSQMN) GO TO 345
COF(341)=0.0

COF(3,2)=0.0

DRIV

DR1IV0OCO1
DRIVCCO2
DR IV0003
DRIVOCO4
DRIVOCOS
DRIVOCCS
DR1VQQO?
DRIVOCOS8
DRIVOCOS
DRIVOC1C
DRIVOO1l1
DRIVOC12
DRIVOC13
DRIVOC14
DRIVCC1S
DRIVOO1l¢
DRIVOC17
DRIVOC18
DR1IV0OO19
DRIvVOC2C
DRIVCC21
DRIVGC22
DRIV0O023
DRIV0O024
DRIVOC2S
DRIV0026
DRIV0027
ORIVOQ2E
DRIVCC29
DRIVOD30
DRIVO031
DRIVOC32
DRIVQC33
DR1IVQO034
DRIV003S
DRIV0OO36
DRIVOC37
DRIV0O038
DRIV0039
DRIVOO4C
DRIVOC41
DRIVOO42
DRIVOO43
DRIVGCC44
DRIVOC4S
DRIVCC46
DRIVOC4?
DRIVOC4E
DRIVCC49
DRIV0050
DRIV0OOS1
DRIV0OCS52
DRIVC(CS3
DRIVOOS4
DRIV0O05S
DRIVOCSE
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300
310
320

330

340

345

355
356

358

© 360

362
365

375

49

385

390

395

400

410
420
430

440

272

COF(3,3}=1.0

COF(3,4)=DVIDRP

GO TO 355

GO TO (310+330235593204355)+1K

IF (JJ.NE.MEAN)} GO TO 355
BETP=BET(I1J)

DBORP=CBORI(I N}

DADRP=DADR(1J}

GO TO 340

CALL I 1APL{(RP,BETP,RSTBET NLINES)
CALL T1AP1(RP,DBDRP,RST,DBDRyNLINES)
CALL I[1APL(RP.DADRP 4RSTyDAOR,NLINES)
SINA=SIN(AYP)

TANB=TAN{BETP)

COSB=CUS{BETP)

COSQB=C0SB**2 -
VMSQMX={GJCPTL-VMSQMN)/{1.0+{TANB*COSA)**2)
IF (VMSQMX.GE. VMSQMN) GO TO 355
LSGN=1

RETURN

IF (TVMSMN-1) 356,362,358

IF (VMSQ.LE.VMSQMX) GO TO 360
IVMSUN=2

VMSQO=VFSQMX

GO TO 365

IF (VMSG.GE.VMSQMN) GG TO 380
IVMSUN=1

LSGN=1

RE TURN

VMSQ=VMSQMN

IF (IK.EQel.ANDoJJ.EQ.MEAN) GC TO 375
GO0 T3 380

VMM=SQRT (VMSQ)

VMP=VMM

VM (MEAN) = VMM

GO TO 385

VMP =5 T {VMSKY)

IF (IKeEQuleODRLIKGEQLS) VM(JJ)=VMP
IF (ISRILEQe2.CRL{ISRILEQel.AND.IWRL.EQeO}) GO TO 395
IF (IK.EQ.5) GO TO 390
COF{3,1)=-0.5%«TANB*CGSA/VMP
CGF13,2)=0.0

COF(3,3)=1.0
COF(3,4)=VMPx(COSA*DBDRP/COSQB-TANB*S INA%®DADRP )
VTIP=TANB*COSA*VMP

IF (IKeEQelaORSIKLEQeS) VTLJIIISVTP
VTSQ=VTIP *%2

VSQ=VMSQ+VTSQ

IF (ISRI.EQe3) GO TO 410

IF (ISPEC.EQ.0) GO TO 400

CALL PLC(RPyVMSQ eI Ky WYEPyDWYDRP ¢DWYVM,DWYVT }
IF (ISRI.EQel) GO TO 500

50 TO 600

IF {ISRI.EQ.1) GC TO 500

IF (ILCSS.EQ.0) GO TO 600

GO TO (420+440,45045430,910) 41K

IF (JJ.NE.MEAN)} GO TQ 450

POP=PO(IJ)

DPODRP=DPODR (1 J)

GO TO 450

CALL I11AP1 (RP+POP4RST,POyNLINES)

DR1V0OOS57
DRIVOCSS8
DR1IVCCSS
DRIVOC6C
DRIVOO61
DRIVO062
DRIVOC63
DRIVOC64
DRIVOC6S
DRIV0O066
DRIVCC6T
DRIVQOCes8
DRIVOC69
DRIVOCTC
DRIVOCT1
DRIVOCT72
DRIV0OO73
DR1IVOCT74
DR IVOCT5S
DRIVOOT76
DRIVOCT?
DRIVOO7E
DRIVCC79
DRIV0080
DRIVOQO8L
DRIVOC82
DRIVCCB3
DRIVOOB4
DRIVOO8S
DRIVOC86
DRIvCCB7
DRIVO0O838
DR1IVO0O89
DRIVCCSC
DR1IVO(C91
NRIVON9?
UrRIVOCY)Y
DRIVOC94
DRIVC(9S
DRIVOO09éE
DRIVOC97
DRIVOCS8
OR1IVOC9S
DRIVO100
DRivOlOl
DRIVO1C2
DRIVC1O3
DRIVN104
DRIVO105
DRIVO10¢
DRIVO107
DRIVO108
DR1IVO109
DRIVC11C
DRIVO11ll
DRIVO112
DRIVOLl13
DR1IVOl1l4
DRIVOL1l1lS
NDRIVO11¢
NRIVO1I1T7



450

500
510
520

525

530

535

540

600
610
620

625

630

635

640

CALL I1APLl(RP,DPODRP 4RST,yDPODR,NLINES)
COF(2,1)=0.0

COF(2,2)=1.0

COF(2,3)=0.0

COF(2,4)=DPODRP/POP

GJ TO 705

GO TO (510,4530,540,520,540),1K

IF {JJ.NE.MEAN) GO TO 540

IF (ISPEC.NE.O) GG TOQ 525

WYEP=WYE(1J)

DHYDRP=DWYDR(IJ)

POUP=PCUI(TJ)

DPOUD P=DPOUDRI(T J)

GO TO 540

IF (ISPEC.NE.O) GO TO 535

CALL I1APL(RPyWYEPRSTHyWYEsNLINES)
CALL I1APL(RP,DWYDRP4RST » DWYDR4NL INES)
CALL T1APL(RP,PUOUP,RST,POUsNLINES)

CALL T1AP1 (RPyDPOUDP+RSToDPOUDR ¢ NLINES)
TRAT=1.0-VSQ/GJCPTL

PRAT=TRAT**GAMAL
FUNI=1. Ot WYEP?® (1 4Q~PRAT)

[ (1KeEQeLeBRIKaBReB) POIJJ)SBOUR/EUNY -
IF (IK.£Qs5) GO 1O 910 ‘
FUN2=GAMAL*WYEP®*TRAT #%GANBL1/ {GJCPTL*FUN1)
FUN5=(1.0-PRAT)/FUN1

COF(2,41)=FLN2

COF(242)=1.0

COF1243)=2.0%VTP*FUN2
COF(2,4)=DPOUDP/POUP+FUN2%*VSQ*DTODRP/TOP-FUNS*DWYDRP
GO T0 700

GO TO (610'630'640'620'640)QIK

IF {(JJ.NE<MEAN) GO TO 640

IF (ISPEC.NE.O) GO TO 625

WYEP=WYE(1J)

DWYDRP=DWYDR (I 4}

PORUP=PQRU(I J}

OPRUDP=DPRUDR(1J)

ue=u(1J)

uuP=uuLl1J)

TORUP=TORU(I J)

DTRUDP=DTRUDR( 1J)

GO TO 640

IF (ISPEC.NE.O) GO TOQ 635

CALL TLAPL{RP,WYEP RST,WYE4NLINES)

CALL T1APL(RP,DWYDRPRSTsDWYDR,NLINES)
CALL I1APL{RP,PORUP,RST,PORU,NLINES)
CALL I1APL(RP,DPRUDP yRST s CPRUDR,NLINES)
UP=RP M*RP

CALL T1APL(RP,UUP,RST+UUsNLINES)

CALL I1APL{RP,TORUPRST,TORUyNLINES)
CALL T1AP1(RP,DTRUDP+RST,DTRUDR,NL INES)
TRAT=1.0-VSQ/GJCPTL '
TRRAT=1.0+UP*(UP-2 ,0%VTP)/GJCPT1
GJCPT2=GJCP22«TARUP
TRRRAT=10+{UP**2-UUP*%2) /GJCPT2
PRAT=TRAT**GAMAL

PRRAT=TRRAT**GAMAL

FUN1=PRRAT+WYEP* (PRRAT=-PRAT)

IF (IKeEQeleORIKeEQeS) PO(JJ)=PORUP*TRRRAT**GAMA2/FUN1
IF (IK.EQ.5) GO TO 910

DRIVO118
DRIVOL19
DRIVO120
DRIVO121
DRIVO122
DRIVO123
DRIVO124
DRIVO125
DRIVO126
DRIVO127
DRIVOl2¢€
DRIVO129
DRIVO130
DRIVO131
DRIVO132
DRIVQO133
DRIVO134
DRIVO135
DRIVO13¢
DRIVO137
DRIVO138
ORIVO139
NAIVOL4C
brivotlat
DRIVCl42
DRIVO1l43
DRIVOl44
DRIVO145
DRIVO14¢
DRIVO1417
DRIVO0148
DRIVO0149
DRIVO150
DRIVO151
DRIVO152
DRIVQ1l53
DRIVO154
DRIVO155
DRIVO156
DRIVO157
DRIVO158
DRIVO159
DRIVO16C
DRIVO1l61
DRIVOl162
DRIVO163
DR1IVO164
DRIVO1l6S5
DRIVOlee
DRIVO167
DRIVO168
DRIVO169
DRIVO170
DRIVO1l71
DRIVQLT2
DR1IVOL173
DRIVO174
DRIVO175
ORIVOl76
DRIVCLT?
DRIVO178
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1
2

FUN2=GAMA1*KWYEP*TRAT#2GAMBL/ (GJCPTL*FUNL)

FUN3=GAMAL*{1.0+WYEP) =TRRAT*%GAMBL/{ GJCPT1%FUN1)

FUN4=GAMA2/ (TRRRAT*GJCPT2)

FUNS=(PRRAT-PRAT)/FUN1

COF(291)=FUN2

COF({242})=1.0

COF12,;3)=2,0%{VIP*FUN2-UP%*FUN3)

COF(244)=DPRUDP/PORUP+ (FUN2*VYSQ+FUN3ZUP#(UP~2, C*VTP) ) *DTODRP/TCOP
—FUNS*DWYDRP-FUN4*(UP*#%2-~UUP %32 }=DTRUDP/
TORUP-2.0*RPM*{FUN3*(UP-VT P )}-FUNG* (UP-UUP))

700 IF {(ISPEC.EQ.0) GO TO 705

705

70
715

720
750

760

COF(2,1)=COF(241)+FUNSZDWYVM

COF(243)=COF{2,3)+FUNS5*DHYVT

COF(ls1)1=1.0

COF(1,2)=(VSQ-GJCPT1}/GAMAL

COF(1:3)=2.0%VTP

COF(1,4)=2.0%CCSA*VMSQ*CRVP+VSQ*DTODRP/TOP-2.0*VTSQ/RP

DO 710 Jl=1,3

DO 710 J2=1:4

COFT(J1 ,J2)=COF(J1,42)

IF{ISR1.GT.2)GC TO 760

DENOM=CQOF {1,1) *COF (2,2)*COF(3,3)¢COF{ 1, 2)*COF(2,3)*COF(3,1)~
COF(3,1)*COF(2,2)*C0OF(1,3)~-COF(2,1)*COF(1,2)*COF(3,3}

IF(IK.EQeloANDJJe EQ.MEANIGO TO 720

SIGN=DENOM&DENQMO

IF{SIGN) 7504750, 760

DENOMD=DENOM

GO TO 760

L SGN=1

RETRN

CALL SIMEQICOF sDDR 33 ,LSGNy3 %)

IF(LSGN.NE.1)GO TO 900

WRITE(NTAPE,800)RP, ILOQP,ILLOOP

DRIVO17S
DRIVO180
DRIVO181
DRIVO182
DR1IVO183
DRIVO184
DRIVO18S
DRIVOLB6
OR1VO187
DRIVO188
DRIVQ18S
DRIVO19C
DRIVO191
DRIVOL192
DRIVO193
DRIVO194
DR1VO195
DRIVO19¢
DRIVO197
DR1IVO19¢
OR1IVO199
DR1V0200
DRIV0201
DRIV0202
DRIV0O203
DR1IV0O204
DR1V020S
DR1VO2C6
DRIVD207
DRIV0208
DRIVO209
DRIVC21C
DRIVO211

800 FORMAT ( //4Xo82HA UNIQUE SOLUTION TO THE RADIAL EQUILIBRIUM EQUATDRIVO212

1

ION COULD NOT BE OBTAINED AT R = +F10.4914H WHEN ILOOP = 12

214H AND ILLOOP = ,12)

RE TRN

900 DVMSDR=DDR(1)

905 IF (IK.NE.1) RETURN

910 GRND(JJ)=COSA*YMPZRPAPO(JJ )% (1.0-VYSQ/GJICPT 1) &xGAMBL/ ( GASC*TOP)
.- DVMSO=DVYMSDR )
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RETURN

END

DR1IVO213
DRIVO214
DRIVOZ15
DRIVO21¢
DRIVO217
DR1vVO218
DRIVO219
DR1IV0220
DRIVO221



APPENDIX XVI

SUBRAUTINE SIMEQ

The function of Subroutine SIMEQ (deckname SUB12) is to obtain
the solution to a set of simultaneous linear algebraic equations.
Subroutine SIMEQ is called by Subroutine DERiV; it does not call
any other subroutines. The subroutine does not fequiré external input and
does not provide external output. Internal input and output are trans-
mi tted as arguments of the subroutine. The internal input consists of:
A ND NDP NR
The internal output consists of:

LSGN X

Fortran Nomenclature for Subroutine SIMEQ

The following table gives the Fortran nomenclature for the sym-
bols used in Subroutine SIMEQ. Since the subroutine may be used with any

consistent set of units, the units of the symbols are not specified. The

subscripts | and J refer to row and column indices, respectively.
Fortran
Symbol Symbol Description Units
A(l1,J) Coefficient matrix augmented by

a constant vector --

] Row or column index -

J Row or column index -
Row or column index --
Indicator:

LSGN=0 if the coefficient

matrix is nonsingular

LSGN=1 if the coefficient

matrix is singular -
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Fortran

Symbol Symbol

NC
ND
NDP

NR

X(1)

Internal Structure

Description

Number of simultaneous equations
to be solved plus one

Maximum number of simultaneous
equations

Maximum number of simultaneous
equations plus one

Number of simultaneous equations
to be solved

Dummy matrix element

Maximum absolute value of a col-
umn element

Absolute value of a column ele~
ment

Solution vector

Units

This subroutine performs step 43 of the Analysis Procedure and

uses the method of solution detailed in the Numerical Techniques section

of Appendix I.

following page(s).

The Fortran listing of the subroutine is given on the
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$IBFTC suBl2 LIST+DECKyM94

(RN ¢!

Ooon

[z EaXal

[ XaXxl

OO0

100

150
200

250

300

350

375
400

450

500

550

600

650

700

SIMEQ — SOLUTION OF SIMULTANEQUS LINEAR ALGEBRAIC EQUATIONS

SUBROUTINE SIMEQ{AyX4NRyLSGNyND+NOP)
DIMENSION A(NDoNDP), XIND)

NC=NR+1

1=1

THE PIVOTAL ELEMENT IS MAXIMIZED

S=ABS(A(I,1))

J=1

IF (I-0NR) 150,300,600
K=I+1

T=ABS (A(Ks1))

IF (T.LE.S} GO TO 250
S=T

J=K

K=K+1

IF (K<LE.NR) GO TGO 200
IF (S.EQ.0.0) GO TO 750

THE ROWS ARE INTERCHANGED IF NECESSARY

IF (J.LE.I) GO TO 375
LSGN=-LSGN

K=1

R=A(1,K}

A(I,K)=A(J,K)}

AtJ,K)=R

K=K+1

IF (KeLE.NC) GO TQ 350

REDUCE THE ELENMENTS WITH A ZERO CHECK

J=1+1

IF (JJLE.NC) 50 TO 450
I[=1+1

GO TO 100

IF (A{I,J)4EQe0.0) GO TO 550
A(I,g)=A(I:J)/A(Io!)

K=1+

IF (K.GT<NR) GO TO 550
AlKyd ) =AIKoJ)=AlI4J)*ALK,1)
K=K+1 :

GO TO 500

J=J+l

GO TO 400

COMPUTE THE SOLUTION

K=NR¢ 1

X{NR) =A (NRyK)} °

I=NR~1

J=1+1

R=0.0

R=R+A{I,J)*X(J)

J=Jd+l

[F (J<LE.NR) GO TO 700

SMEC

SMEQ

SMEQ

SFEQCCOL
SMEC0002
SMEQOCO3
SMEQGCO4
SMEQ

SMEQ

SMEQ

SMEQOCOS
SMEQOCO6
SMEQQCOT
SMEQCCCS
SMEGCCCY
SPEQOCLQ
SMEQO011
SMEQOC12
SMEQOC13
SMEC0014
SMEQOO15
SMEQ

SVFEQ

SMEQ

SMEQ0O016
SMEQOC17
SMEQOO18
SMEQO019
SMEQOC2C
SMEQOC21
SMEQ0022
SMEQ0023
SMEQ

SMEQ

SMEQ

SMEQO024
SMEQOC25
SMEQCC26
S¥EQO027
SMEQ0028
SMEQ0029
SMEQCC30
SMEQO031
SMEQO032
SVEQOC33
SFEQOC34
SPEQOO35
‘SMEGO03¢
SMEG

SVEQ

SMEQ

SMECOC37
SMEQOC38
SMEQCC39
SMECOC4C
SMEQOC41
SMEQOC42
SMEQO043
SMEQD044

271



750

278

X(1)=A([+K}-R

I=I~1

IF (1.6T.0) GO TO 650

LSGN=0
RE TURN
LSGN=1
RE TURN

END

SMEQOC4S5
SMEQOC46
SMEQQO4T
SMEQOC4 e
SMECQOC49
SMEQQCSC
SMEQO051
SMEQOOS52



APPENDIX XVI1

SUBRGUT INE VMSUB

The function of Subroutine VMSUB (deckname SUB13) is to obtain
a new estimate of the meridional velocity at the mean streamline which will
satisfy continuity.

Subroutine VMSUB is called by the main routine; it does not call
any other subroutines. The subroutine does not require external input and
does not provide external output. Interpnal input and output of the sub-
routine are transmitted through blank COMM@N, CPMMBN/CEML/, and CEMMEN/

COM7/. The internal input consists of:

DFLWT DFLWT@ FLWP ICNT ILLA@P
I1S@N ISRI IWRL RATIQ VMMB
VMMPE

The internal output consists of:
ICNT VMM@
(These symbols are described in the appropriate sections of the CEMMEN For-

tran Nomenclature.)

Additional Fortran Nomenclature for Subroutine SPECHT

The following table gives the Fortran nomenclature for those sym-

bols used in Subroutine VMSUB which are not part of C@MMEN.

Fortran
Symbol Symbol Description Units
DEN@M Wi~ Wiy olol, Difference in the calculated mass
! flow based on the two previous
estimates of meridional velocity
at the mean streamline Ibm per sec
DVMM (Y (Vo) ot Difference in the two previous
! estimates of meridional velocity
at the mean streamline fps

279




Fortran

Symbol Symbol Description Uni ts
DWRAT Wy —w;, Ratio of the difference between
T the actual mass flow and the
in~ “in,oldl previously calculated mass flow
to DENgGM -
ISGN Indicator:

ISGN=0 if the ratio of DVMM to
DENgM is negative
ISGN=1 if the ratio of DVYMM to
DEN@M is positive
ISGN=ISGN@ if the ratio of DVMM

to DENPM is zero --
{SGN@ Previous value of the indicator
ISGN ——

Internal Structure

The subroutine performs the calculations of step 55 of the Analy=-
sis Procedure. A Fortran listing of the subroutine is given on the follow-

ing page(s).
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$IBFTC suBl3

c
C
C
c

VMSUB — OBTAIN A NEW ESTIMATE OF THE MERIDIONAL VELOCITY AT THE
MEAN STREAML INE
SUBROUTINE VMSUB _
COMMON 1BR,ICOEF,1CONV,1CO0L,IDLETE,IDS, ILLOOP,ILOOP,ILOSS,
LIMIX, ISAV,ISON,ISPEC»ISRIy ISTG,IWRL yNOSTAT o NLINES,NSPOOL,
2NSTGy NTAPE yNTUBES
COMMON /COM&/FLW(LT) oFLWP ¢HP yRPM,RST(17) yWFN(1T)
COMMON /COMT/COT60,DFLWT yDFLHTCy EMMAX » EMMIN, ICNT 2y
LJJP,MEAN,RATIO VMM, VMMO, VMMEG
1F (ILLODP.GT.1) 6O TO 200
[SGNO=0
IF (RATIO.LE.1.2) GC TO S0
RATIO=1,2
GO TO 100
50 IF (RATI0.LT.0.833) RATI0=0.833
100 1F (ISRI.NE.l.0R.IWRL.NE.2) GO TO 150
IF (1SON.EQ.0) GO TO 150
VMM=VMNO%RATIO
RETURN
150 VMM=VMMO/RATIO
RETURN .
200 DENOM=DFLWT-DFLWTO
IF (DENOM.NE.0.0) GO TO 250
VMM=0 . 5% ( VMMO+VMMOT)
RETURN
250 DWRAT=(FLWP-DFLWT)/DENCM
IF (DWRAT.LE:2.0) GO TGO 300
DHRAT=2.0
GO TO 350
300 IF (DWRAT.LT.-2.0) DWRAT=-2.0
350 DVMM=VMMO-VMMOO
VMM=VMMO+0 R AT DV MM
IF (DVMM/DENOM) 40044503500
400 ISGN=0
50 TO 550
450 ISGN=ISGNO
GO TO 550
900 ISGN=1
550 1F {1LLOOP.EQ.2) GO TG 600
IF (1SGNeNE.ISGNO) ICNT=ICNT+1
600 [SGNO=1SGN
RE TURN
END

LIST4DECKyMI4

vMs8

vMsB

vMsS8

VFSB

VMSB0CO1
vMsSBOCO2
VMSBOCC3
VFSBOOO4
VMSBOOOS
VM SBOCOE
VMSBOCO7
VMSHO000S
VMSB00O9
VMSBOCLIC
VMSBCCL1
VFMSBOOL2
vMS80CLl3
VMSBOC14
VFSBCCLS
VMSBOO16
VMSBOC17
vrSBoC1s8
VFSROCLS
V¥SB 0020
VMSB0021
VMSBOC22
v¥SBOC23
VMSBO0C24
VMSBOC25
VFSBOC26
v¥SBCC27
vMSBOC28
VMSBOC2S
VMSBCC3C
V¥SBOC31
VMSBOC32
VMSBOC33
VMSBOC34
VV¥SBOO3S
VMSB0O036
VM SBOO37
vMSBOC38
V¥SB0OO39
VMSB0040
VMSBOG4AL

281



282

APPENDIX XVil1

SUBR@GUT INE REMAIN

The function of Subroutine REMAIN (deckname SUBI4) is to obtain
streamline values for those quantities tabulated in the output for a de-
sign station which have not already been obtained.

Subroutine REMAIN is called by the main routine; it does not
call any other subroutines. The subroutine does not require external in-
put and does not provide external output. Internal input and output are
transmitted through blank COMM@N, CEMMEN/CBM1/, CBMMEN/CEM2/, COMMEN/CBM3/,

and COMMBN/CPM5/. The internal input consists of:

AY cpP2 CP3 DTS GAMA1
GAMA2 GAMC1 GAMD2 GAMD3 GGG1
GJCP12 ICOEF ICONV 1L@SS ISPEC
ISRI IWRL NLINES ) Pog
P@g2 PARU PgU T8 T09
T892 TARU U VM VRU
vT VU WYK

The internal output consists of:

BET BETR BREFF EFFR EFFS
EM EMR P POR REAC
T TER v VR VX
WYE

(These symbols are described in the appropriate sections of the COMM@N

Fortran Nomenclature.)

Additional Fortran Nomenclature for Subroutine REMAIN

The following table gives the Fortran nomenclature for those



symbols used in Subroutine REMAIN which are not part of C@MM@N.

Fortran
Symbol Symbol Description Units
C@sSA c&dAi Cosine of a streamline value of
J the streamline angle of inclina-
tion -
GJCPTI Zg,,JcPi(E;)j Parameter related to a streamline
value of the total temperature
and the specific heat at a design
station fps
PgP (f%ib A streamline value of the abso-
lute total pressure psf
PORP CPoi); A streamline value of the rela-
J tive total pressure psf
PP fDU A streamline value of the static
pressure psf
TOP (ﬂib A streamline value of the abso-
lute total temperature deg R
TORP (I&)j A streamline value of the rela-
tive total temperature ) deg R
TP EV A streamline value of the static
temperature deg R
VMP (Vini): A streamline value of the meridi-
J onal velocity fps
vMsQ (%L). A streamline value of the square
4 of the meridional velocity fps
2
VRSQ Vg A streamline value of the square
of the relative velocity fps
VsSQ %f A streamline value of the square 2
J of the absolute velocity fps
VTP (V&Jj A streamline value of the tan-
gential velocity fps
VTRP (Vu,-).-'ul-j A streamline value of the rela-
J tive tangential velocity fps
VTSQ ) A streamline value of the square 2
J of the tangential velocity fps
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Fortran

Symbol Symbol Description Units
VXP HQL); A streamline value of the axial
- velocity fps

Internal Structure

This subroutine performs the calculations for steps 60 through
66 of the Analysis Procedure. The card sequence numbers corresponding to

the various steps are identified in the following table.

Step of Analysis Procedure Sequence Numbers

60 0022

61 0023 - 0039
62 0040

63 00L41 - 0050
64 0051 - 0058
65 0059 - 0067
66 0068 - 0074

A Fortran listing of the subroutine is given on the following page(s).
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$IBFTC sSuBl4

c
c
c

LISToDECK,M94
REMAIN - OBTAIN THE REMAINDER CF THE TABULAR QUTPUT

SUBROUTINE REMAIN

COMMON IBR,ICOEF+ICONV,ICCOL,IDLETE,IDS, ILLOOP, ILOOP, ILOSS,
LIMIXyISAV,ISONsISPECy ISRIyISTGy IWRL,NDSTAT o NLINESyNSPOOL,
2NSTGyNTAPE,NTUBES

COMMDN /COML/AY(17) BET(17),BETR(17),EREFF(17),CRV(1T7),
IDFLOW(L7) +EFFR(L1T7) yEFFS(1T7)+EN(17),EMR(LT)FACL(17)9GRND(17},
2P{17) 4POLLT) yPCRILTY yREAC(LT}»T(LT)}»TO(LT)HTORILTI,U(L1T),
3VILT) o VMULT) oVRILIT) o VT{1T7),VX(LT) o WYE(L7)4WYK(17)

COMMON /COM2/CP(1T7),CP1,CP2,CP3,CP4,CPS,EJCPL,EJCP2,
1GAMAL ,GAMA2 ,GAMA3,GAMBL yGAMC L+ GAMLC29GAMD3y GAMD4, GAMDS,
2GAM1 4GAM2 yGANM3 yGAM4y GAN5 yGASCyGGGLl 4 GJICPL,GJCPL12,GICP 2,
3GJCP224GJCP32,GICP425GICP52

COMMON /COM3/BETRU(17) :BETU(17),BREFFC(17),DPOUDR{17),
LOPRUDRI(17) +DTRUDR(17),P0O0(17)4P002(17)sPORU(1T7)4POU(LT],
2REACO(17)sT0O0(17)+TO02(1L7)+yTORU(L17)sTOULL7)UUI(LT),
3VRUILT) o VTULLT) o VUILT) 4WYED(LT)

COMMON /COMS/ASTR{17417) sASTS{17)+BETLT{17}CSTR(17417)»
LCSTS{17),DTO(17)4FHP(8)4FLWCIPOF(8)9 ISTRAC,NLT,
2NSTATy NSTRACNXT sPOF{17,8)+POLT{17)9RANN{1942) yRLTI1T),
3RST2AC(L17417) 9 RSTRAS{ 17) 4RXTS{17),7T0C(16),TOLT{17),
4WRLS{17) 4 XMIX(17,16) yXSTAT(19),Y0S(17)

DO 500 J=1.NLINES

VMP=VM(J)

VMSQ=VMP**2

VTP=VT(J)

VTSQ=VTP %%2

VSQ=VMSQ+VTSQ

V{J}=SQRT(VSQ)

COSA=CO0S(AY(J})

VXP=COSA*VNP

VX (J}=VvXP

T3P=TG{J)

SJCPT1=GJCP12*TOP

TP=TOP*(1.0-VSQ/GJCPTL)

T{J)=TP

POP=PA(J)

PP=POP#(TP/TOP )**GAMAL

PLJ)=PP

EM(J)=SQRT(VSQ/(GGGL*TP))

IF (I1SRI.EQ.3) GC TQ 500

VIRP=VTIP-U(J)

VR SQ=VMSQ+VTRP**2

VR(J)=SQRT(VRSQ)

EMRSQ=VRSU/(GGGL*TP)

EMR(J) =SQRT(EMRSQ)

TORP=TP*(1.0+GAMCL *F.MRSQ)

TOR(J)}=TORP

PORP=PP*{TORP/TP ) ¥*xGAMAL

POR{J) =PORP

BETR{J)=ATAN(VIRP/VXP)

IF (ISRI.EQ.2) 30 TO 150

IF {(ICOEF.EQ.0) GO TO 50

BREFF (J)=1.0-WYK{J)

GO TO 100

50 BREFF(J)=(1.0-TP/TOP1/(1.0-(PP/POUIJ) }**GAMD2)
100 IF (ICCNV.EQ.1) REACIJI=VU(J}/VIJ)

REMN

REMN

REMN

REMNOCO1
REMNOCO?2
RENMNOCC3
REMNOQO4
REMNGCCS
REMNOCO6
REMNOCO7
REMNOOQOS
REMNOCOS
REMNOC1C
REFMNOOLL
REMNOQCL2
REMNOC13
REMNOC14
REMNOCLS
REMNOOQL &
REMNOO17
REMNQOCL18
REVMNCC19
REMNOO 20
REMNQOC21
REMNOC22
REMNOG23
REMNOO24
REMNGC25
REMNQC26
REMNOO27
REMNOC2E
REMNOC29
REMNCC3C
REMNOC31
REMNQOC32
REMNOC33
REVMNOC34
REMNOO35
REMNOC36
REMNOC37
REFMNGC38
REMNOG39
REMNOC&C
REMNOC41
REMNOC4 2
REMNOC43
REMNQOQ44
REMNOCSS
REFNOQ46
REMNOC47
REMNOC48
REMNQCaY
REMNCCSC
REMNOCS1
REMNQES2
RENMNGCS3
REMNCCS4
REMNOCSS
REMNQCS56
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150

200

250
300

350

400
450
500

286

IF (IWRL.TW.0) GO TAQ 450

G0 10 500

IF (ISPEC.ME.O) GO TOQ 250

IF (ILO0SS-EQ.0) GO TG 200
WYE(J)=(PORU(J)*(TORP/TORU(J) ) **GAMA2-PORP }/ (PORP-PP)
GO TO 250

IF (ICGCEF.EQ.0) GO TC 250

BREFF(J)=1.0-HYK(J)

Ga T0 300
BREFF(J)={1.0~TP/TORP)I/ (10~ (PP/PORU(J) ) **GAMDZ2*TORU(J })/TORP)
IF (ICONV.EQ.O0) GO TO 450

REAC (J)=VRULJ)/VRLJ)

IF (ISPEC.NE.O) GO TO 350

IF (ILCSS.EQ.2) GO TG 400

EFFS(J) =CP2*DTU(J) /{CP3%TOD2(J)*(1.0-(POP/P0O2(J))**GAMD3) )
IF {(ISPEC.NE.O) GO TO 400

IF (ILOSS.EQ.1) GO TO 450
EFFR(J)=(DTOLII/TOO(J))/Z(1.0-(POP/PCO{J) )**GAMD2)
BET(J) sATAN(VTP/VXP)

CONTINLE

RE TURN

END

REMNCCST
REMNOOSS
REMNOCS9
REMNOC6C
REVMNOC61
REMNOO6&2
REMNOO 63
REMNOC64
REMNOCSS
REMNCC6E
REMNOC67
REMNOC6E
REMNOC69
REMNOOT70
REMNOO71
REMNOCT2
REMNOO73
REMNOCT4
REMNOC7S
REMNOCTS
REMNOOT7
REMNOOTE



APPENDIX XIX

SUBR@UTINE SETUP

The function of Subroutine SETUP (deckname SUB15) is to obtain:

1. Streamline values of quantities which are required for the

calculations at the following design station,

2. Mass averaged values which are to be printed in the output.

Subroutine SETUP is called by the main routine; it, in turn, calls

Subroutine SL@PE.

not provide external output.

Subroutine SETUP does not require external input and does

Internal input and output are transmitted by

blank C@MM@N, C@OMM@N/C@MI/, CEMMEN/CEM2/, COMMON/CEM3/, CEMMAN/COML/,

COMMEN/CEM5/, COMMEN/CBM6/, COMMAEN/CEMS/, and COMMEN/COMIt/.

input consists of:
BET
CP3
ENMI
GAMA1
GJCP32
LSS
I1STG
NTUBES
TG
VT

The internal output consists of:

BETRU

DBRUDR

DVRUDR

BETR
CPL
FLW
GAMD3
GJCPL2
IMIX
NDSTAT
p

T4C

WYE

BETU
DBUDR

DVUDR

BREFF
CP5
FLWC
GAMDL
GJCP52
ISAY
NLINES
Pg

U

AMIX

BREA
DP@JUDR

gJs

CNV5
DT@
FLWM
GAMD5
1COGL
ISPEC
NSP@@L

REAC

BREAP
DPRUDR

gSE

The internal

CP2
EJAY
FLWP
GJCPl2
1DS
ISR1
NSTG
RST

VR

BREFF@
DTRUDR

gTE
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@TS

P@RU
SPJS
SPTT
STEP
T@RU

vu

gTT
PgU
SPP
SPW
SW

Tgu

WYEd

oW P@d

REACH SJS
SPSE SPTE
SSE SSEP
SWP T06
uu VRU

P@g2
SJSP
SPTS
STE

TOg2

VTU

(These symbols are described in the appropriate sections of the C@MM@N

Fortran Nomenclature.)

Additional Fortran Nomenclature for Subroutine SETUP

The following table gives the Fortran nomenclature for those

symbols used in Subroutine SETUP which are not part of CEMM@N.

Fortran
Symbol

DTPA

FLWCH

@p

gPB

PA

PARAM

PARMB

288

Symbol
iT...

W .,

(Fr o

(R

1
Zx,m. po dw!

]
fDX,,,,. duw!

Description

Mass averaged value of the
absolute total temperature
drop across a rotor

Coolant mass flow added to the
upstream blade row

Streamline index

Over-all power output of the
turbine

Over-all power output of the
turbine

Mass averaged value of the
static pressure at a design
station

Product of the specific heat,
mass flow, and mass averaged
total temperature

Quotient containing SUMB and
SUMA

Units

deg R

1bm per sec

hp

Btu per sec

psf

Btu per sec

psf



Fortran

Symbol Symbol Description Units
]
PARMC L KXnis o A Quotient containing SUMC and
' SUMA deg R
jo Xm":dbU" g
PGA B Mass averaged value of the
absolute total pressure at a
stage exit psf
PBAGD Pz Mass averaged value of the
’ absolute total pressure at a
stage inlet psf
P@ATYE (R):., Mass averaged value of the
absolute total pressure at a
spool inlet pst
PEAGED (B)nter Mass averaged value of the
absolute total pressure at
the turbine inlet pst
SP F.,’,L.,, Stage power output hp
SPB F;E, Stage power output Btu per sec
SPPB f?ﬂ” Spool power output Btu per sec
SUMA 'fxmﬂdu;l Integral of the mixing coeffi-
° cient with respect to the non-
dimensional mass flow function 1bm per sec
i
SUMB /o){m. Po,,d“f' Integral of the product of the

mixing coefficient and absolute
total pressure with respect to

the mass flow function psf 1bm per sec
!

SUMC ,LXmu7;LJUI‘ Integral of the product of the

mixing coefficient and absolute

total temperature with respect deg R Tbm

to the mass flow function per sec
TFLWC Sum of the product of coolant

total temperature and coolant deg R 1bm

mass flow for a stage per sec
TFLWCE Sum of the product of coolant

total temperature and coolant deg R 1bm .

mass flow for the turbine per sec
TFLWCT Sum of the product of coolant

total temperature and coolant deg R Tbm

mass flow for a spool per sec
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Fortran

Symbol Symbol
TOA T,
TAD T e
TOAdE (7).,
TOABYS (1)t
TgcP (Tee s
TdcPd (Tee)ie,,
TSRAT

TTRAT

UA @y
UAA 7
UAAA Ly,
UAAAA L,
UAG Ly,
XMIXP (Xmir )J

Description

Mass averaged value of the
absolute total temperature at
a stage exit

Mass averaged value of the
absolute total temperature at
a stage inlet

Mass averaged value of the
absolute total temperature at
a spool inlet

Mass averaged value of the
absolute total temperature at
the turbine inlet

Total temperature of the coolant
added to the downstream blade
row

Total temperature of the coolant
added to the upstream blade row

Mass averaged static-to-total
temperature ratio

Mass averaged total-to-total
temperature ratio

Mass averaged blade velocity
at a blade row exit

Average blade velocity for a
rotor

Average blade velocity for a
spool

Average blade velocity for the
turbine

Mass averaged blade velocity
at a stator exit

A streamline value of the
mixing coefficient

Units

deg R

deg R

deg R

deg R

deg R

fps

fps

fps

fps

fps



Internal Structure

Subroutine SETUP corresponds to steps 67 through 76 of the Analy-

sis Procedure. The individual steps are identified by the card sequence

numbers in the following table.

Step of Analysis Procedure

67
68
69
70
71
72
73
7k
75
76

Sequence.Number

0029

0030
0051
0055
0067
0088
0103
0112
0142

0149

A Fortran listing is given on the following page(s).

-

-~

0050
0054
0066
0087

0102

0111
0141
0148
0197
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$IBFTC SuUBLS LIST,DECK,M94

c

c
c
c

OoOOn

100

150
200

250
300
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SETU? -~ OBTAIN THE QUANTITIES WHICH ARE REQUIRED BEFORE
PRCCEERING TO THE NEXT DESIGN STATION

SUBROUTINE SETUP

COMMON IBR,ICOEF,ICONV,ICCOL,IDLETE, IDS, ILLCOP, ILOOP,TLOSS,
LIMIXy ISAV,ISONISPEC, ISRI,ISTGyIWRL,NDSTAT ,NLINES,NSPOOL,
2NSTG,NTAPE NTUBES

COMMDN /COM1/AY(17) 4BET(17),BETR(17)+BREFF({17),CRV{17),
LDFLOW(L7) +EFFR{LT7) yEFFS(17)4EM(LT)4EMR{L1T),,FACL{LT7)9GRND(1T),
2P (LT)yPU(LT) 4POR{LT),REACILT)»T(LT),TC(LT),TOR(LTI,U(LT),
SVILT) oVMILTY o VRILT) VTHLLT) yVX{L7 )4 WYE(1T )y WYK(1T)

COMMON /CCM2/CP(1T7),4CP1,CP2,CP3,CP4,CPS,EJCPL,EJCP2,
1GAMAL yGAMA2 ,GAMA3 ,GANR1 yGAMCL y GAMD2, GAND3y GAMD 4,GAMDS
2GAM1,GAM2,GAM3 yGAM4, GAMS5,GASC4GGGL,GJCP1,GICPL2,GJCP2,
36JCP22,GJC P32,GJCP42,GJCPS2

COMMON /COM3/BETRU(L7)+8BETU(17),BREFFO(17}, DPOUGR(17),
1DPRUIR(LT)DTRUDIR(L7),POO(17),P002(17)yPORU{1T7),POU(1T),
2REACD(17),TO0(LT7),TO02(17) ,TORU(LT7),TOU(LT),UU(LT),
B3VRUILT) oVTUILT ), VU(1T7) »WYEGI(17)

COMMON /COM&G/FLWLLT) ¢FLWPsHPRPM,RST{LT) WFN(1T)

COMMON /COMS/ASTRULT,1T7)ASTS(LT7)BETLT(17),CSTR(17,17),
LCSTS(17),DTG(17),FHP(8),FLWC,IPOF{8), ISTRAC,NLT,
2NSTAT+NSTRAC 4NXT yPOF{17+8)4POLT(17)4RANN(19,2),RLT{17),
3RSTRAC(LT7+17)4RSTRAS(LT7}yRXTS(L17),TOC(16), TOLT(LT},
GWRLS(L7)y XMIX(LT7416) 3 XSTAT(19),Y0S(17)

COMMON /CCM6/CNVL,CNV2,CNV3,CNV5,EJAYGO4P I, TOLWY

COMMON /COM9/BREA(16) +BREAP,ENM],FLWM,0JS5,+0SE,OTE,OTS,
10TT93WSIS(819SISPoSPIS +SPPySPSE¢SPTESPTSySPTT,SPWySSE(8),
2SSEP ,STE(8) +STEPySW(8)4SHWP

COMMON /COM1L1/ AYP,C0SA,COSB,COSQB,CBORP,DBRUDR(17),DBUDR(17),
LOFLDR(17) ,DVRUDR(17) yDVUDR(17)sIJsTANB,VMP,VSQ,VTP

IF (IDS.EQ.NDSTAT) GO TO 800

IF [IMIX.EQ.0) GO TO 200

OBTAIN THE MIXED VALUES OF TOTAL TEMPERATURE AND PRESSURE

SUMA=C.0

SUMB=0.0

SUMC=0.0

DO 100 J=1,NLINES

XMIXP=XxMIX{J,IDS)

IF (J.CQele0R4J.EQ.NLINES) XMIXP=0.5*XMIXP
SUMA=SUMA+XMI XP
SUMR=SULNB+XMIXP*PO(J)
SUMC=SUMC+XMIXP*T0D{J)

IF (SUMAL.EC.0.0) GO TG 200
PARMB=SUMB/SUMA

PARMZ =SUMC/SUMA

00 150 J=14NLINES

XMIXP=XMIX{(J,1DS)

POU(J) =(1.0-XMIXP)*PO(J)+PARMBEXMIXP
TOU(J)={1.C-XMIXP) *TO(J)+PARMC*XMIXP
G" T0 300

DG 250 J=1¢NLINES

POULJ)=PO(J]}

ToUutlJ)=Ta(J)

IF (ICCOL.NE.2) GO TC 500

STLP

STUP

sTup

STLP

sSTUPCCC1
STUP0O002
STUPOOO3
STLPOCO4
STLPOCOS
STUPCOO6
STUPOOO7
STLPO0OS
STLPOCO9
STuPOC1O
STUuPOO11
STLPOC12
STUPCC13
STUPGCLl4
STUPOO1S
STLPOC1é
STUPOC17
STUPQO18
STUPOC19
sTupcC2C
STUPQC21
STUPCC22
STUP0023
STLPOC24
STuP0C25
STLP0O26
STUPOC27
STLPOC?2E
STUPCC29
STupPOC30
STLP

sSTLP

STUP

STUPOC31
STLPOGC32
STLPCC33
STUPOC34
STUP0O03S
STLPOC36
STUPGC37
STuP00O38
STUPOO39
STLPOC4C
STUPOCA41
STUPOC42
STUP0043
STLPOC44
STUPOC4S
STUPCC4é
STUPOQ4?
STLPOC4®
STUPCC49
STUPOOSC
STUPOOS1
STLP



ORTAIN THE CODLED VALUES COF TOTAL TEMPERATURE STuP

STupP

TOCP=TCC(IDS) STUPOCS2

DO 400 J=1,NLINES STUPOCS3
400 TOU(J)=(FLWP*TOU(J)+FLWC*TOCP) / (FLWP+FLWC) STUPQCS4
500 IF (ISRI.EQ.l) GO TO 600 STUPOCSS
D0 S50 J=1,NLINES STLPOCSE
POD2(J)=PO(J) STUPGCCST
TD3I2(J)=TU(J) STUPOOS8

550 VU(J)=V{J) STUPOOCSS
CALL SLOPE (RST,PCU+DPOUDR,NLINES]} STLPOCHC

TF {TSPECaFR4NY GN TOD /OO sTuPacet

oo viIs J=LyNLINES STUPCCH2

575 BETU(J)=BET(J) STUPOC63
CALL SLOPE (RSTsVUyDVUDR,NLINES ) STUPOC64
CALL SLOPE(RST¢BETU,DBUDR,NLINES) STUPOCES

GO TO 800 : STUP0OGG
600 DD 650 J=1 NLINES STLPOOG67
pPOQ(d) =PO(N) STLPOCGKE
THO(I)=TO(JS) STUPCC6S
REACD (J)=REAC ( J) STUPOCT0
WYEG(J)=WYE (J) STLPOOTI
BREFFO (J)=BREFF(J) STLPOCT2
Uu(J) =U(J) STUPOO73
VTULJI)Y=VT L)) STUPOC74
VRU(J)=VR () STLPOCTS
TORULJ)=TOU(JI) +(VR(J) *%2-V(J)**2) /GJCPL2 - STLPOCTS

650 PORU(J)=POU(JY *{TORUIJ)/TOU(J) )*%GAMAL STUPQOCT77
IF (ISPEC.NE.D) 50 TO 700 STUPOCT8

IF (ILCSS.NE.O) GO TC 950 STUPQCT9

700 CALL SLOPE (RSToTORUsDTRUDRsNLINES) " STLPOCSC
CALL SLOPE(RST+PORU,DPRUDRyNLINES) STuPCCB1

IF (ISPEC.EQ.0) 50 TO 950 . STUPDOS82

DO 750 J=1,NLINES STUPOCA83

750 BETRU(J)=BETR(J) STUPOCSB4
CALL SLOPE(RST ¢VRU,DVRUDR,NLINES) STUPCC8BS
CALL SLOPE(RST +BETRU,DBRUDR,NLINES) STUPOO86

GO TO 950 . STLP 0087

800 TOA=0.5%T0(1) ) sTuPOCS8E
POA=0.5%P0O(L} _ STUP0O89

N0 850 J=2,NTUBES STUP0O90
TOA=TOA+TO (J) . STLPOC91

850 POA=POA+PO(J) STUPGC92
